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INTRODUCTION 


This volume, the sixth in the series, contains 3SS entries -367 on plant species, 11 on 
animals and animal products, atid 10 on minerals. It is higher than any of the previous volumes 
and it includes some articles the compilation of which has presented some particular dillicul- 
ties. Piddished information on some of tlie topics dealt with is scarce, that on some others is 
extensive hut confused : in some cases literature surveys have cast doubts on the accuracy of 
puhlished information and for obtaining clarification, specialists had to he consulted and 
aurhentic material from the Held or from trade sources had to he obtained for examination. 
Particular mention may he made, in this connection, of articles on Luvun^a, Madhiica, 
A/zz/z/i, A/cz/ZZ/f/ and A7t/AY/. Kvery effort has been made, as in the previous volume, to present 
information after proper a|)praisal. 

The following contrihututns from external sources (names given within brackets) have been 
utili/ed in preparing the articles: Lac Lac Insect (Lac Research Institute, Ranchi & Dr. 
A. P. Kapur, Zoological Survey of India, Calc utta) ; Lccchcs (Dr. M. L. Bhatia, Delhi) ; Lignite 
(Dr. M. S. Iyengar, Shri 'I\ N. Basu & Dr. A. Lahiri, Central Fuel Research Institiite, Jeal- 
gora) : lAniestone (Prof. C. Mahadevan, Andlira University, Waltair) ; Linnni (Dr. Richharia, 
Cuttack & Shri R. N. Chaturvedi, Marketing Directorate, Nagpur): Lion (Shri P. D. Stracey, 
Dc*lira Dun) ; Locusts (Dr. K. B. Lai, Plant Protection Adviser, New Delhi) ; Madhuca 
(Dr. Ichaporia, Tata Oil Mills, Bombay) : Alanganese Ores (Dr. Daya Swamp & Shri V. C. Iyer, 
Banaras Hindu University, Banaras) : Magnesite (^hri II. R. Robinson, Magnesite Syndicate Ltd., 
Salem) ; Mafigifera (Shri S. R. Gandhi, Poona) ; Mains, Manihot, Mangifera and Musa (Central 
k'ood IVchnological Research Institute, Mysore) : Mineral sprifigs (Dr. P. K. (#hosh. Dept, of 
Atomic Knergy, New Delhi) ; and Monazite (Shri A. Venkatachalain Iyer, University College, 
Trivandrum). Many articles have been .scrutinized by .specialists and information has been 
received from a large number of sources. To all contributors, referees and others, the Chief 
Fditor is greatly indehtc'd. He is grateful to Prof. A. F. Hill (Botanical Museum, Harvard Univ., 
U.S.A.), late Dr. D. Chaiterjee (Indian Botanic Garden, Calcutta), Dr. S. K. Mukerjee (Central 
National Herbarium, Bot. Suiv. India, C.alctilta) and Shri M. B. Rai/.ada (Forest Research Insti- 
tute, Dc'hra Dun) for their aclvic:e on ])lant nomenclature, and to the President, Forest Research 
Insritiite. Dehra Dun, the Director, Indian Agricultural Re.search Institute, New Delhi, the 
('hief Botanist, Botanical Siirwy of India and the Sijperinlendc*nt, Lai Bagh Botanic (hardens. 
Bangalore*, for the .sii[)ply of illustrations. 

The C^hief Fditor desires to express his gratinide to Prof. M. S. I'hacker in particular and 
to each of the other members of the Fditorial C(SMnmitree for hel|), guidance and criticism. 
He is especially indebted to Rev. H. Santapau hu* assistance in the compilation of botanical 
articles and to Dr. Baini Prashad for guidance and supervision of the work of the Zoological 
Unit Icnated at Dehra Dun. He also wi.shes to place on record his grateful appreciation of the 
unstinted labour and loyal co-operation of his c'olleagues and stall. 

The ('hief Editor is keenly conscious of the need for coni|)Ieting the compilation of the 
remaining vohmic's expeditiously. The nature of the undertaking, involving as it doc\s an 
exhaustive scrutiny of the continuously growing scientific literature, critical appraisal of data 
collectc'd from diverse sources and refereeing of completc'd articles by specialists, .sets limits to 
the speeding up of the compilation. It is realised that the information contained in the earlier 
volumes is getting out of date and at the instance of the Puhlications Committee, revision of 
these volumes is being concurrently taken on hand. 

Suggestions for improvement will he received and made u.se of in suh.se(|uent volumes. 

New Delhi N. Sa.stri 

Chief Editor 
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('Paylor A Francis Ltd., J.ondon), 1891. 
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’/.onitidae)^ by W. 'P. hlanford A II. II. Godwin-Aiisien (’Paylor A Fra mis Ltd., 
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plndnc-Jfitudh'dac), by G. K. Gude ( Paylor A Francis Ltd., London), 1914. 
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Vol. 11 — Saiiria, by M. A. Smith ('Paylor A Francis Ltd., London), 1935. 
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An Outline of .Malavan .A jj^ri culture, hv D. H. Grist ((j'own Agents lor the (’olo- 
nies, London); Nlalavan Plaiitinj; Manual, No. 2, 1‘*.''0. 
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Centr.'il Provinces, hv H. H. Haines (Pioneer Press, Allahahadl, 1916. 
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Mi\ edn. 1947. 
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M.'iniial of the (Jrasses of the I’nited States, hv A. S. Hiieheoek ; revised hy Agnes 
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Pharmacopoea Inicrnationaiis (International Pharmacopoeia) (World Health 
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Tbe Chemistry and Technology of Food and Food Products, editeil by M. R 
Jacobs (Iiiterscience Publishers, Inc., Nexv York), 3 vols,, 2nd edn, 1951. 

Index of Plants ol North Carolina xvirli Reputed Medic inal Uses, bv M. L. jacobs 
A' H. M. Riirlage, 1958. 

Insecticides from Plants: A Review of the Literature, 1941 53. bv M. Jacobson 
(U.S. Department of Agriculture, U.S. (iovt. Printing Office, Washington. D.C.), 
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Vegetable Fats ^ Oils, bv (i. S lamieson (Reinbold Publi.sbing Clorp., Nexv York), 
2nd edn, 1943. 

riie Mammals of India, by 'f. C. Jerdon (John Weldon, London), 1874. 
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Hall Ltd., London), 1954. 
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Society, London), |9.>5. 
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Report of the Reneficiatioti of Low’ Grade Orc's Committee, by J. 1). Kapadia and 
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(Rirkhanser Verlag, Ra.sel), 1958. 

Carotenoids, by P. Karrer & F. Jiicker (KIsevier Publishing Co., Inc., Nexv York), 
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Forest Products of Jammu and Kashmir, compiled by S. N. Kaul (Kashmir Pratap 
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schenhaiier (Reinhold Puhlishing Corp., New York), 1944] 

Indian Medicinal Plants, hy K. R. Kirtikar, B. D. Basn A' an I.C.S. (retd.) ; re- 
vised hy E. Blatter, J. F. Claiiis A' K, S, Mhaskar (Lalil Mohan Basil, Allaha- 
bad), 4 vols., 2nd end, 1955. 

V'egetahle (Growing, l)y |. K. Knott (Henry Kiinplon. London), 5th etln, 1955. 

Report on the Investigations of Indigenous Drugs, hv M. C. Koinan (Govt. Press, 
Madras). Ist Rep., 1918; 2nd Rep.. 1919; .Ird Rep., 1920. 

Mineralogy: An introduction to the study of minerals and crystals, hy E. H. 
Kraus, W. F. Hunt A' L. S. Ramsdell (.Mc(iraw-Hill Book Co., Inc., New York), 
.Ird edn, 19.16. 

Horticultural and Economic Plants of the Nilgiris, edited hy S. Krishnanuirthi 
(Coimbatore ("o-operative Printing Works Ltd., Coimhatorc), 1955. 

Commercial (hiide to the Forest Economic Products of .Mvsore, hv G. Krishnanuirti 
Naidii (Govt. Press, Bangalore), 1917. 

Si.xtysix Trees for Vana Mahotsava, liy V. S. Krishnaswamy (Manager of Publi- 
cations, Delhi), 1956. 

List of Economic Plants imported in Lai Bagh Botanic Ganli-n, Bangalore, hv 
(i. H. Krumhiegel (Govt. Press, Bangalore), 1948. 

Proteins in Foods, hy S. Ku])piiswamy, M. Srinivasan A \. Suhrahmanyan (Indian 
Council of Medical Research, New Delhi), Special Rejiort Series, No. 5.1. 1958. 

Forest Flora of Briti.sh Burma, hy S. Kur/ (Superintendent, Govt. Printing, Cal- 
cutta), 2 vols., 1877. 

1'he Nutritive Value of Vegetahlr.s. edited hy the .Staff of the Hein/ Nutritional 
Research Division in Slellon Institute (U..S.A.), under the supervision of 
L. L. Lachat, 1945. 

Lithium and its Compounds, hy 1). S. Laidler ('The Koy;i] Institute of ('hemistry, 
London), Lectures, Monographs and Re[)orts, No. 6, 1957. 

'The Feeding of Farm Animals in India, hv P. E. Lander (Macmillan A Co., Ltd., 
London), 1949. 

A Bibliography of Indian Geology and Physical Geography, hy T. H. D. La 
'rouche ; [if IB — Annotatetl Index of Minerals of Economic Value (Govt, of 
India), 1918. 

'The Vegitahle Products of (’eyion, hy F. Lewis (The As.sociated Nevvsfiapers of 
(Vyloii Ltd., Colombo), 19.14. 

'Tomato Culture By Modern Methods, hy F. W. Loads (Artlinr Pearson Ltd., 
Londoti), 1952. 

'The Genus Lycopersicon : An Historical Biokiglcal and 'Taxfinomic Survey of the 
Wild and Cultivated 'Tomatoes, hy L. C. Luckvvill (The Ihiiversity Press, 
Aberdeen), Aberdeen L’niversilv .Studies, No. 120, 1945. 

Veriiacul.'ir List of 'Trees, Shrubs A' W'oody C'limhers in the Madras Presideiuy, 
hv A. W, Lushington (Govt. Press, .Madras), 2 vols., 1915. 

Lime Industrv in India, hv N. Maeedo (National Building Organi.sation, New 
Delhi), 19.S8. 

'Tropical Planting and (Jardeniiig with special reference to Crylon, hy H. F. 
Macmillan (Macmillan A Co., Ltd., London), 5ih eiln, I9.S6. 

The Gardener’s Treasury of Pojnilar Plants A Their Cultivation, hv A. J. M.icself 
(W. H. A L. C\)llingridge Ltd., 'Transatlantic Arts, Inc., New York), 5rd edn, 
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Economic Survey of Minerals in Inilia, hy A. K. Madan (Economic A Industrial 
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/enarten, by von Rudolf .Mansfeld (Akadetnie-Verlag, Berlin), Die Kulturp- 
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'The .Alkaloids: ('hemistrv and physiology, V<d. I IV', edited hy R. H. F. Manske 
A H. L. Holmes; Vol. V VII,' edited hy R. H. F. Manske (Academic Press, 
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Engineering Materials Handbook, hv C\ L. Mantell (.McGraw-Hill Book C’o., Inc., 
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Madras Covt. Museum, 1929. 

'riie Chemical Composition of Foods, by R. A. McCance & E. A. Widdowson 
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I9.S6. 
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H;indy Notes for Agriculturists tV Horticulturists with special reference to Punjab 
conditions, by 1). Milne, Ali Mohammad /afar Alam (Punjab). 
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Af^ric. Inform. Halt. l‘.S. Dep. Aj^ric. 

.\i>ric. J. India 
Ai'ric. Lcd}^er 

Live-Stk India 
Ai^ric. Ne':eslctt., Ai4st. 

Ai'fic. Sitaat. India 
Aii:;ricaltare, Lond. 

A^ron. J. 

.Mia ha had Fmr 
Ally^. Oel a. Feitztfr 
.\mer. J. Hot. 

f. Pharm. 

.■\ndhra ai^ric. J. 

.inn. Hiocheni. 

Ann. Hot., I.ond. 

Ann. R. hot. Udn Cahatta 
Anna. Rep., Dep. .\tomie F.nett^y 
Anna. Rep. Indian Conn, af^ric. Res. 
.\nna. Rep. Indian Lac Res. Inst. 

.■\nna. Rep. Indian Oilseeds Comm. 
Amat. Rep. Indian vet. Res. Inst. 

.■\nnu. Rep. Mysttre tfenl. Dep. 

.]nna. Rep. Res. Dep. Coffee Hd India 
Anna. Rev. hiochem. Res. India 
Anti Locust Hall. 

.•1 ntiseptic 
.\raneta J. Afrric. 

.\reh. Hiochem. 

Arch. Pharm., Herl. 

.\reean. Hall. 

.I//.S7. J. a^i^ric. Res, 

.\ast. J. had. Sci. 

.last. I. ('hem. 

Aast. J. Sci. 

Aasi. J. .sci. Res. 

Hailey a 
Hiochem. J. 

Hiochint. hiofdixs. Acta 
Hiol. Ahstr. 

Hlnmea 

Hot. Hall. .lead, sinica 
Hot. Oaz. 

Hot. Rev. 

Hrit. chem. Ahstr. 

Hrit. J. Natr. 

Hall. Aji'rie. Dep. Madhya Pradesh 
HtdI. af'ric. Res. Inst. Pusa 
Hull. appl. Hot. Pl.-Hrecd. 

Hall. hot. Snc. Hetif^. 


D 


Acta botanica NVcrlaiuiica. Amsterdam. 

Acta cliemical scandina\ia. Kobcnliavn. 

Acta Phytothcrapcutica. Amsterdam. 

Administralixe Keport. Department of Ajijriciilliire, Mysore. 

Agra University Journal of Research. Agra. (Si ieme) 

Agriculture and Animal Husbandry. Uttar Pradesh. Luckuoxv. 

Agrictihure Handbook. United States Department of Agriculture. Washington, D.C. 

Agriculture Information bulletin. U.S. Department of Agriiulture. Washington, 
D.C. 

Agricultural Journal of India. Pusa. 

Agricultural Ledger. Calcutta. 

Atjriculture and I/ive-Stock in India. Nexv Delhi. 

Agricultural Nexvsletter. Australian Coxernmeiit 'Prade Iidbrmatioii Service. 
Bombay. 

Agricultural Situation in India. Nexv Delhi. 

Agriculture. London. 

Agronomy Journal. Wa.shington, D.C. 

Allahabad Farmer. Allahabad. 

Allgemeine Oel-imd Fett/.eitung. Berlin. 

American Journal of Botany. Laiu'asier, Pa. 

American Journal of Pharmacy. Philadelphia. 

Andhra Agricultural Journal. Bapatia, Andhra. 

Annals of Biochemistry and Fx|K*rimental Medicine. (*alcutta. 

Annals of Bot;iiiy. London. 

Annals of the Royal Botanic Garden, Calcutta. 

Annual Report. Department of Atomic Fnergy. Nexv Delhi. 

Annual Report of the Indian Cotmcil of Agricultural Research. Nexv Delhi. 
Annual Rc()ort. Indian Lac Research Institute. Namkiim. 

Annual Report of the Indian (Vntral Oilseeds ('.ommittee. Hvderabad. 

Annual Repdrt of the Indian Veterinarv Research Institute. Muktesxx.ir and 
I/atnagar. 

Annual Report of the Mysore fieological Department. Bangalore. 

Annual Re})orr. Research Department, Coffee Board, India. Bangalore. 

Annual Reviexv of the Biochemical and Allied Research in India. Bangalore. 
Anti-Locust Bulletin. London. 

Antiseptic. Madras. 

Araneta Journal of Agriculture. Philippines. 

Archives of Biochemistry. Nexv York. 

Archiv der Pharma/.ie. Berlin. 

Arecanut Bulletin. Ko/hikode, Malabar. 

Australian Journal of Agricultural Research. Melbocnne. 

Australian Journal of Biological Si iences, X'iciorla. Australia. 

Australian Journal of Chemistry. .Melbourne. 

Au.stralian Journal of .Science. .Sydney. 

Australian Journal of Scientific Resc*arch. Melbourne. 

Baileya. Ithaca, Nexv York. 

Biochemical Journal. Cambridge. 

Biochimica et biophysica Acta. Nexv York and Amsterclani. 

Biological Abstracts. Philadelphia, Pa. 

Bltimea. Holland. 

Bi>tanical Bulletin of Academia Sinica. .Shanghai. 

Botanical (ia/ette. (Miicago. 

Botanic'al Reviexv. Lancaster, Pa. 

British C^hemical Abstracts. London. 

British Journal of Nutrition. (Cambridge. 

Bulletin. Agricultural Department, Madhya Pradesh. 

Bulletin. Agricultural Research Institute, Pusa. (Calcutta. 

Bulletin of Applied Botany and Plant Brecaling. Leningrad. 

Bulletin of the Botanical Society of Bcmgal. Calcutta. 

XXV 



Hull. Hur. A^ric. 

Hull. Cah'uttu Sell. /ro/). Mrd. 

Hull. cnit. vlvi lrnehvm. Kcs. Insl. 

Hull, i'cnt. h'd tiehunl. Res. lust., Mysure 
Hull. cent. Leuth. Res. Inst., .Madras 
Hull. cent. Res. Inst. [■nil. I'ravanctue 
Hull. cent. Silk Hd, India 
Hull. Cnun. sci. industr. Res. Au\t. 

Hull. Defy. Af.;ric. .issani 
Hull. Defy. .Ai^ric. Honihax 
Hull. Defy. .{^.^ric. Ceylon 
Hull. Defy Ai^ric. C.P. 

Hull. Dep .■Ij.^ric. Madias 
Hull. Dep. C.P. 

Hull. Dep. Fish., .Mttdras 
Hull. Defy. hid. Heii}.^. 

Hull. Dep. hid. ('oiiini. I'liit. Pnyi., N.S. 

Hull. Dep. hid. I'raiancnrc 
Hull. Dep. hid., r.r., :\.S. 

Hull. Dep. .sci. industr. Res. X./. 

Hull. econ. hidoeh. 

Hull. ent. Res. 

Hull. Fd Sii. Km. Sne. 

Hull. Fla a}:^ric. K.xp. Sla. 

Hull, tieol. Sure. India 

Hull. Hawaii a^ric. F\p. Sla. 

Hull, llyderahad f^eol. Ser. 

Hull. imp. Inst., Land. 

Hull. Indian ('aeon. Com in. 

Hull. Indian C.oun. a^ric. Res. 

Hull. Indian Lac Res. Inst. 

Hull. Lloyd Lihr„ Reprod. Ser. 

Hull. Madras Cart. .Miis., X.S. 

Hull. .Minist. Ai^ric., Land. 

Hull. nat. htyi. (idns, Lucknow 
Hull. nat. Inst. Sci. India 
Hull. Ori^. s( i. Res. Indonesia 
Hull. Pliarinai o^n. Lah. 

Hull. Res. hist., Vniv. Kerala 
Hull. Res. Inst., Cnic. I'racaneoie 
Hull. sci. industr. Res. .lust. 

Hull. Sci. pliarni. 

Hull. I'ttar Pradesh For. Dep. 
i'anad. J. aj'ric. Sei. 

('anad. f. Hot. 

C.anad. J. Cheni. 
i'anad. J. Res. 

Candollea 

i’ensus of Indian Manufai lures 
('hem. .Ihstr. 

('hem. India 
(diem. tV hid. 

('hem. F.iifj^ni^ News 
Chemuri^. Di^. 

('ire. Kans. a^rie. ('o!l. F\p. Sla. 

Circ. Cnii'. Fla at^ric. Lyp. Sta. 

('ire. C.S. Dep. Ai^ric. 

Cocon. Hull. 


Hiilloliii. Bureau oi A^rieulluiv, Philippine Island.s. Manila. 

Bulletin of the C'aleiitta School of 'rro))ical Merlicine. Calcutta. 

Bulletin of the Ontral Klectroeheinieal Research Institute. Karaikiuli. 

Bulletin. (Vntral Food and Technoloj^ical Research Institute. Mysore. 

Bulletin of the Central Leather Research Institute. Madras. 

Bulletin of the Central Re.search Institute, University of Travancore. Tri\andrtim. 
Bulletin. (Vntral Silk Board. India. Bombay. 

Bidletin. C%>unc'il for Scientific and Industrial Research, Australia. Melhoiirne. 
Bulletin. Department of Aj^riculture, Assam. Shillong. 

Bulletin. Deparimeiu of Agriculture, Bomhay. Bombay. 

Bulletin of the Department of Agriculture, Cieylon. Colombo. 

Bulletin. Department of Agriculture, CVntral Provinces atid Berar. Nag|»ur. 
Bulletin. Department of Agriculture, Madras. Madras. 

Bulletin of the Department of Agriculture. United Provinces. Allahabad. 
Bidletin. Fisheries Department. Madras. 

Bulletin. Industries Department, (iovernment of Bengal. Calcutta. 

Bulletin. Department of Industries and (Commerce, United Provinces of Agra and 
Oudh. New Series. Allahabad. 

Bulletin. Dej)arimrnt of Industries, (>ovcrnment of rravancorc. 'rrivandrum. 
Bulletin. Department of Industries. United Provinics. New Series. 

BiJi'Ictit). Depariment of Scientific and Industrial Research, Wellington, New 
'/ealand. 

Bullt'tin econoniicpie dc I'Indochinc. Hanoi. 

Bulletin of F.ntomological Rcseanli. London. 

BuWelin, Food Science F.xlension Service. Mysore. 

Bulletin. Florida Agricultural F.xperiment Station, ('.ainesville. 

Bulletin of the Ceological Survey of India. Calcutta. 

Bulletin. Hawaii Agricultural Fxperiment Station. Honolulu. 

Bulletin. Hvderahad (leological Scries. Hyderalmd- Deccan. 

Bulletin of the Imperial Institute. Lomlon. 

Bulletin Issued by the Indian CVntral Coeontil CVmniittee. Ko/hikode. 

Bulletin. Inriian Council of Agricultural Research. New Delhi. 

BuPetin of the Indian Lac Re.search Institute. Namktim. 

Bulletin of the Llovd Library of Botany, Pharmacy and Materia Medita. Repro- 
duction Series. C'incinnati. 

Bulletin of the Madras Government Mu.seum. New Serie.s. Madras. 

Biilletiti. Ministry of Agriculture and Fisheries. London. 

Bulletin. National Botanic Gardens. Lucknow. 

Bulletin of the National Institute of .Sciences of India. New Delhi. 

Bulletin of the Organi/.atii-n for S.ientific Rese.'irth in Indonesia. Djakarta. 

Bulletin. Pharmacognosy Lal)oratory. Ministry of Health, Govt, of India. New 
Delhi. 

Bulletin «»f the CVntral Research Institute. Utiiversity of Kerala, rrivandrum. 
Bulleliti of the CVtitral Research Institute. University of 'rrav.'incore. 'rrivaiidriitn. 
Bulletin. Commonwealth .Scientific ;ind Industrial Research Organi/.atioti, Australia. 
Melbourne. 

Bulletin des .scietices phartnacologiipies. Paris. 

Bidictirt. Uttar Prarlesli Forest Department. Allahabad. 

C\*iiuulian Journal *>f Agricultural Seietice (Formerly Scietitific Agriculture). Ottawa. 
Canadian Jrturnal of Botany. Ottawa. 

C'anadian Journal of Chemistry. Ottawa. 

Canadian Journal of Re.search. Ottawa. 

Candollea. Cieneve. 

eVnsus of Indian Manufactures. Calcutta. 

('hemical Abstracts. Kaston, Pa. 

Chemic;d Age of India. Bombay. 

Chemistry and Iiiflustry. London. 

Cliemical and Kngineering News. Kaston, Pa. 

Cheimirgic Digest. Columbus, Ohio. 

Circular. Kansas Agricultural College F.xpiriment Station. Manhatten. 

Carcular. University of Florida Agricultural Kxperimeiu Station. Chiinesville. 
Circular. United Stales Department of Agriculture. Washington. 

Coconut Bulletin. Krnakulain. 
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Colon. Pi. Anini. Prod. 

CSIR /Vt'M'v 
Curr. Sci. 

Cylologiti, Tokyo 
E. Afr. figric. J. 

East. Met. Per. 

East. Pharni. 

Ecou. Bot. 

Emji. J. exj}. Agric. 

Euphytiva 
FAO nntr. Stud. 

Farm Bull., Indian Conn, agric. Res. 

Farm Nezes Rrleau\ Indian Conn, ii^i^rit 
Res. 

Farmer 

Fertiliser Neu's 
Field Crop Ahstr. 

Fieldiana, Bot. 

Fmg in S. Afr. 

Fmrs' Bull., I\S. Pep. Ai^rir. 

Food hid. 

Food Manttf. 

Ftmtl Res. 

Food Sci. 

Food Si'i. .ihstr. 

F<kkI reehnot., Champaij^n 
Foreii'n Agric. 

For. Bull., Econ. Ser. 

For. Res. India 
Emit Piod. J. 

Hardening 
Cdn J., N.Y. 

Cains' Bull. 

Ilandh. Inst. .Wutr. Philipp. 

Illth Bull. 

I tort. Ahstr. 

Port. Adv. 
hid Com J. 

Indian Bee J. 

Indian Ceram. 

Indian Constr. 

Indian east. Eii'^r 
Intlian Fd Packer 
Indian Fmg 
Indian Fmg, N.S. 

Indian For. 

Indian Fur. Ball. 

Indian For. Bull., i\.S. 

Indian Far. Leafl. 

Indian For. Rec. 

Indian For. Rec i\.S., Bot. 

Indian For. Rec , N.S., Client. 

Indian For. Rec. N.S., (’hem. t'V Minor For. 
Prod. 

Indian For. Rec . N.S., Ent. 

Indian For. Rec , N.S., Mycol. 

Indian For. Rec N.S., Timh. Mech. 

Indian For. Rec. N.S., I 'til. 

Indian llort. 

Indian hort. Ahstr. 

Indian /. agric. .Sci. 

Indian J. appl. (’hem. 


(lolonini Plan! and Animal Prodiuls. 1.nn<lon. 

(ISIK News. New Delhi. 

C^irren! Srienee. Han};alore. 

C!ylulo);ia. 'I\)kv(). 

Kast African Agriculluial Jonrnal. Nairobi. 

KaMern Metals I{e\iew. Calcutta. 

Kastern Pharmacist. New De'hi. 

Kcottomic Hoiany. I.ancastcr, Pa. 

Kmpirc Journal of Experimental Agriculture. Oxford. 

Euphyrica Netherlaiuis Journal of Plant Breeding. Wageningen (Netherlands). 
KAO Nutritional Studies. Rome. 

Earin Bulletin. Indian Council t>f Agricultural Research. New' Dellti. 

Earni News Release. Indian (\)imcil t>f Agricultural Research. New Delhi. 

I'arnicr. Bombay. 

Fertiliser News. New Delhi. 

I’ield Crop Abstracts. Aberystwyth. 

Fieldiana: Botany. Chicago. 

Farming in South Africa. Pretoria. 

Farmers’ Btdlctin. Cnited States Department of Agriculture. Washington, D.C 
Food Industries. New York. 

Food Manufacture. Lotidon. 

I'ood Resc'arch. Cham])aign, III 
Food Science. My.sore. 

Food Science Abstracts, l.ondon 
FocmI Technology. Champaign. 

Foreign Agriculture. Washington, D.('. 

Forest Bulletin. Economv Scries. Dellti. 

Forest Rcrscarch in India (and Burma). Calcutta. 

Fruit Produc ts Journal and American Foitjl Matuifacturer. New York. 

(fardetiing. laickiiow'. 

fiarden Journal of the New York Botanical (harden. New York. 

C.'irdens’ Bulletin. Straits Settlements. Sitigapore. 

Handbook. Institute of Nutrition, Philippines. Manila. 

Health Bulletin. New Delhi. 

Horticultural Abstracts. East Mailing. 

Horticultural Advance. Saharanpur. 

Ind Ciom Journal. Madras. 

Indian Bee Journal. Naini Tal, I'ttar Pradesh. 

Indian Ceramics. (Calcutta. 

Indian Cionstruction News, (iaiculta. 

Indian and Eastern Engineer, ('alcutta. 

Indian F«»od Pac’kcr. Bombay. 

Indi.'in l^'^rming. New Delhi. 

Indian l^'lrming. New Series. New Delhi. 

Indian Forester. Dehra Dun. 

Indi.'iti Forest Bulletin. Dehra Dun. 

Indian Forc*st Bulletin. New .Series. Dehra Dun. 

Indian Forest Eeallets. Dehr.'i Dun. 

Indian Forest Records. Dehra Dun. 

Indian I'orest Records. New Series. Botanv. Dehra Dun. 

Indian iMuesi Records. New Scries. Cihemistrv. Dehra Dun. 

Indian Forest Records. New Series. C'.hemistry and Minor Forest Products. Dehra 
Dun. 

Indian Forest Records. New Series, Entotnology. Dehra Dun. 

Indian Forest Rc'cords. New Series. M ecology. Dehra Dun. 

Indian Forest Records. New .Scries. 'Timber Mecdianics. Dehra Dun. 

Ituliati Forest Records. New Series. Ctili.sation. Delira Dim. 

Indian Horticulture. New Delhi. 

Indian Horticultural Abstracts. New Delhi. 

Indian |ournal of Agricultural Science. New Delhi. 

Indian Journal of Applied Chemistry. Calcutta. 
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Indian J. Dairy Sci. 

Indian J. Ent. 

Indian /. (h*nct. 

Indian J. Hort. 

Indian J. tned. Res. 

Indian J. Rharni. 

Indian J. Physiol. 

Indian J. i ft. .Vi i. 

Indian mrd. (»a:. 

Indian Miner. 

Indian Min. J. 

Indian Mus. Notes 
Indian Oilseeds J. 

Indian Oil Soaft J. 

Indian Perfum. 

Indian Pharni. 

Indian Ph\'tof)alh. 

Indian Pul ft Pa ft. 

Indian Soap J. 

Indian Text. J. 

Indian Tr. J. 

Indian zool. Mem. 

Industr. Enji^ni> Chetn. 

Industr. India 
Industry, Calcutta 
Iron & Steel Rev. 
f. af^ric. chem. Soc. Japan 
J. a^ric. Fd Chem. 

J. a^^ric. Res. 

J. afiric. Sci. 

J. Amer. chem. Soc. 

J. Amer. Oil Client. Soc. 

J. Amer. pharm. sci. Edn 

/. .Arnold Arbor, 
f. Asia!. Soc. Iien}>., N.S. 

J. .Asiat. Soc. Sii. 

J. biol. Chem. 

J. liomhax nat. Hist. Soc. 

/. chem. .Soc. 

J. Conn. sci. industr. Res. Aust. 

f. Dairy Sci. 

J. eeon. Ent. 

J. Cu jurat Res. .Soc. 

J. Indian Rot. 

J. Indian hot. Soc. 

J. Indian chem. .Soc. 

/. Indian chem. Soc., industr. Edn 
/. Indian Inst. Sci. 

J. Indian Rds ('oni^r. 

J. Instu Chem. India 
J. I.eath. Technol. .Isw. India 
J. I.inn. Soc., Rot. 

J. Min. Metals Fuels 
J. Mysore af>ric. e.\p. IJn. 

/. Mysore i.'niv. 

J. Nutr. 

J. N. V. hot. (idn 

J. Oil Technol. /I.s.v. India 

J. orff. Chem. 

J. Pharm., Ijind. 

J. R. Asiat. Soc. Beni*., Sci. 
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Indian Journal of Dairy Science. Hanj^alore. 

Indian Journal of Kntoniology. New Delhi. 

Indian Journal of Genetics and Plant Breeding. New Delhi. 

Indian Journal of Horticulture. New Delhi. 

Indian Journal of Medical Kc.search. Galcutta. 

Indian Journal of Pharmacy. Boinhay. 

Indian Journal of Physiology and Allied Sciences. (Calcutta. 

Indian Journal of Veterinary Science and Animal I Itishandry. New Delhi. 

Indian Medical (>a/ctte. (Calcutta. 

Indian Minerals. Clalcutta. 

Indian Mining Journal, (\alcutla. 

Indian Museum Notes. C'alculta. 

Iiuliaii Oilseeds Journal. Hyderabad. 

Indian Oil and Soap Journal. Cahiitla. 

Indian Perfumer. Kanpur. 

Indian Pharmacist. Calcutta. 

Indian Phyt<»pathology. New Delhi. 

Indian l^ulp anrl Paper. C^alcaitta. 

Indian Soap Journal, ('alcutta. 

Indian Textile I»>urnal. Bombay. 

Indian Trade Journal. C'alcutta. 

Indian Zoological Memoirs. Lucknow. 

Industrial and Kngineering ('hemistry. Kasion, Pa. 

Industrial India. Bombay. 

Industry. Calcutta. 

Iron and Steel Keview. Calcutta. 

Journal of the Agricultural Chemical Society of Japan. 'Tokyo. 

Journal of Agricultural and Food Chemistry. F.aston, Pa. 

Journal of Agricultural Besearch. Washington, D.C\ 

Journal of Agricultural Science. Cuimbridge. 

Journal of the American C'hcmical Society. Kaston, Pa. 

Journal of the American Oil Chemists’ .Society. Chicago. 

Journal of the American Pharmaceiitic'al Association. Scieniilic Kdition. Columbus. 
Journal of the Arnold Arboretum. Lancaster, Pa. 

Journal and Proceedings of the Asiatic Society of Bengal. New .Series. (\*ilcutta. 
Journal of the Asiatic Society, Science. Calcutta. 

Journal of Biological Chemistry. Baltimore, Md. 

Journal of the Bombay Natural History Society. Bombay. 

Journal of the Chemical Society. London. 

Journal of the Council for Scientific and Industrial Kesearch, Australia. Meh 
bourne. 

Journal of Dairy Science. Baltimore, Lancaster, Pa. 

Journal of Economic Entomology. fJeneva, N.Y. 

Journal of the Gujarat Research .Society. Bombay. 

Journal of Indian Botany. Madras. 

Journal of the Indian Botanical .Society. Madras. 

Journal of the Indian Chemical Society. Calcutta. 

Journal of the Indian Chemical Society. Industrial aiul News Editifui. Calcutta. 
Journal of the Indian Institute of Science. Bangalore. 

Journal of the Indian Roads C^)ngress. New Delhi. 

Journal and Proceedings of the Institution of (Miemists, India. (Calcutta. 

Journal of the Leather 'Technologists’ Association (India). Calcutta. 

Journal of the Linncan Society. Botany. London. 

Journal of Mines, Metals & Fuels. Calcutta. 

Journal of the Mysore Agricultural and Experimental Union. Battgalore. 

Journal of the Mysore University. My.sore. 

Journal of Nutrition. Philadelphia. 

Journal of the New York Botanical Garden. New York. 

Journal and Proceedings of the Oil Technologists* A.ssoriation, India, Kanpur. 
Journal of Organic Chemistry. Easton, Pa. 

Journal of Pharmacy and Pharmacologv. London. 

Journal of the Royal Asiatic Society of Bengal. Science, Calcutta. 



/. R. Snc. N.S.\y. 

J. Sci. Ass., Vizianaiirum 
J. Sci. Club, Calcutta 
J. Sci. Fd A^ric. 

J. sci. industr. Res. 

]. sci. Res. liauaras Hiudtt Univ. 
y. sci. Res. Indonesia 
J. Soc. client, hid. Japan 
J. Soc. cheni. hid.. Land. 

J. Tinih. Hryers' Rres. /Iss. India 
J. Univ. liaroda 
J. Univ. Roinhay 
J. Univ. Bombay, N.S. 

J. I'tiiv. Poona 
J. zool. Soc. India 
Jt Publ. imp. aj^ric. Bur. 

Jute Bull. 

Keze Bull. 

Keze Bull. Addl Srr. 

Kullurpjlanze 

hcafl. Pep. A^ric. Bombay 
Leafl. Pep. A}*ric. ('cylon 
I.eafl. Pep. Ai^ric. Madras 
Ueafl. U.S. Pep. Ai^^ric. 

Lloydia 

Lttcknozv Univ. Stud. 

Madras af^ric. J. 

.Malay, a^^ric. J. 

Mem. Pep. Ai^ric. India, But. 

Mem. Pep. A^^ric. Madras 
Mem. i^eol. Surv. India 
Mem. Indian .Mus. 

Mem. Pocklai exp. Sta. 

.Minerals Yearb., Wash. 

Misc. Bull., Indian Conn. at>ric. Res. 
.Misc. Bull. U.S. Pep. .{j^ric. 

Misc. Publ. U.S. Pep. .Ij^ric. 

.Mysore a^ric. J. 

Nagpur af>ric. Coll. Mai^. 

Nat. ^eoi^r. May^. 

Nature, Lond. 

N atunvissenschaj ten 
Neze Phytol. 

N.Z.f. Sci. Technol. 

Nutr. Abstr. Rev. 

Oil Fat hid. 

Oils Oilseeds J. 

Oilseeds Ser., Indian Oilseeds Comm. 
Pad}'. .Sci. 

Paintindia 
Pahist. J. For. 

Papist. J. Sci. 

Pakist. J. sci. Res. 

Palaeobotanist 
Perfum. essetU. Oil Rec. 

Philipp. A}rric. 

Philipp, ayric. Rev. 

Philipp. J. A}fric. 

Philifip. J. Sci. 

Phy to path olofny 
Plant Breed. Abstr. 


Journal aiifl Proceedings of the Koval Society of New South Wales. 

Journal of the Science Association. Maharajah's C!nllege, Vi/ianagrain. ^^adl•as. 
Journal of the Science Club. Calcutta. 

Journal of the Science of Food and Agriculture, l.ondon. 

Journal of Scieiiiific and Industrial Research. New Delhi. 

Journal of Scientific Research of the Uanaras Hindu Ihiiversiiy. Varanasi. 

Journal for Scientific Research in Indonesia. Djakarta. 

Journal of the Society of Chemical Industry of Japan. 'rokvf». 

Journal of the Society of Chemical Industry. London. 

Journal of the 'riinber Dryers’ and Preservers' Association of India. Dehra Dun. 

Journal of University of Raroda. Baroda. 

Journal of the University of Bombay. Bombay. 

Journal of the University of Bombay. New Series. Bombay. 

Journal of the University of Potma, Science and 'IVchnnlogv. Poona. 

Journal of the Zoological Society of India. Calcutta. 

Joint Publications. Imperial (Commonwealth) Agricultural Bureau. Aberystwyth. 
Jute Bulletin. Calcutta. 

Kew Bulletin. Royal Botanic Gardens. Kew. 

Kew Bulletin. Additional Series. Royal Boi.inic C.ardens, Kew. 

Die Kulturpnan/e. Berlin. 

Leaflet. Department of Agriculture, Bombay. Bombay. 

Leaflet. Department of Agriculture. Ceylon. 

Leaflet. Department of Agriculture, Madras. Madras. 

Leaflet. United States Department of Agriculture. Washington. D.C. 

Lloydia. Columbii.s, Ohio. 

Lucknow Universiiv Studies. Lucknow. 

Madras Agricultural Journal. C.oimbatore. 

Malayan Agricultural Journal. Kuala Lumpur. 

Memoirs of the Department of Agriculture in India. Botanical Series. Pusa. 
Memoirs of the Department of Agriculture. Madras. .Mariras. 

Meimnrs of the Get)!ogical Survey of India. (Calcutta. 

Memoirs of the Indian Museum, (\ilcutia. 

Memoirs r)f the Ibcklai Kxperiinental Station. A.s.sam. 

Minerals Yearbook. Washington, D.C. 

Miscellaneous Bulletin. Indian Council of Agricultural Research. New Delhi. 
Miscellaneous Bulletin. U.S. Department (»f Agricidture. 

Miscellaneous Publication. United States Department r»f Agriculture. Washingtoii. 
D.C. 

Mysore Agricultural Journal. Bangalore. 

Nagpur Agricultural (\)llege Maga/ine. Nagpur. 

National (Jeographic Maga/ine. Washington, D.C’. 

Nature. London. 

Na t u r w i ssen sc h a f ten . Ber 1 i n . 

New Phytology. C'ambridge. 

New Zealatul Journal of Science and 'Tethnology. Wellington. 

Nutrition Abstracts and Reviews. Aberdeen. 
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Lablab Bean — see Dolichos 
Laburnum, Indian — see Cassia 

LAC AND LAC INSECT 

D.K.P., II, 409 : IV, 570 ; C.P., 1053. 

Sans - Laksha ; Hindi — Lakh ; ViV.sii.— Gala ; Gdj. 
— ImH ; Tkl. Komnwlakka ; T \\\.- -Komhurrki ; 
Mal. — Arakku, ambalu. 

Lac is the resinous protective secretion of the 
tiny lac insect (Genus Laccifer, family Lacci^ 
feridae, order Hemiptera) which is a pest on a 
nuinhcr of plants, both wild and cultivated. The 
minute red coloured larvae of the insect settle on 
young succulent shoots of the host plant in myriads, 
drive their long proboscis into the hark and draw 
their nutriment from the sap. They secrete a thick 
resinous fluid which envelopes their bodies : and the 
secretions from individual insects coalesce and form 
a hard continuous encrustation over the twigs. After 
the completion of the life cycle, and just about the 
time the larvae of the next generation begin to 
emerge, the twigs arc harvested and the encrustations 
scraped off, dried and processed to yield the lac of 
commerce. 

The resinous secretion of the lac insect and the red 
colouring matter olnainable therefrom, have been 
known in India since early times and used in art and 
manufactures. Interest in lac outside India dates hack 
to the beginning of the nineteenth century, perhaps 
a little earlier, when lac dye began to attract attention 
as an alternative or adjunct to cochineal |from 
Dactyhpius coccus {Coccus cacti)]. With the advent 
of aniline dyestuffs, however, the importance of lac 
dye declined, while that of the resin as a thermoplastic 
moulding material and as the basis of valuable 
varnishes and polishes gained recognition. Since then, 
lac has found application in diverse industries and • 
has attained an important place in international trade 
and commerce. India held a virtual monopoly of lac 
and till about 1950, accounted for nearly 85% of the 
world’s production of sticklac. Since 1950, however, 
lac production in Thailand has increased and it now 
supplies 2 ^-y)% of the world’s requirements. India 
produces at present c. 1,100 thousand maunds of 
sticklac and exports t*. Rs. 6.5 crorcs worth of shellac. 


seedlac, etc. every year (Sen, Silver Jubilee Souvenir, 
Indian Lac Cess Comm., 1931-56, 119). 

Success in lac production is closely associated with 
the knowledge and application of the pest-host 
relationship, vi/. the life cycle of the lac insect as 
related to the .sylvicultural management of host 
plants, on which it thrives. During the past thirty 
years considerable advance has been made in the 
knowledge of this relationship, particularly as a 
result of investigations conducted at the Lac Research 
Institute at Namkum, Bihar. 

Lac Insect 

The commonest and the most widely occurring 
species of lac insect in India is Laccifer lacca (Kerr) 
which produces the bulk of commercial lac. Fourteen 
species of the genus have been recorded in India, but 
much confusion prevails regarding their exact iden- 
tity, and it is possildc that many of them arc only 
strains or varieties of Laccifer lacca. 'fable i summar- 
izes the distribution of the species and their important 
host plants. 

Some of the species found in India occur also in 
other countries. L, albizziae, for instance, is found in 
Ceylon. L. chmensis is the chief source of commercial 
lac in Thailand. Other countries in which iMccifer 
spp. occur include Burma, Cambodia, Laos, North 
Vietnam, China, Formosa, Indonesia, Philippines, 
Malaya, Pakistan, Nepal, Sikkim and Bhutan (Green, 
1896, 17; Green, Indum Mus. Notes, 1903, 5 , 96; 
Green, 1922, 408-16 ; Chamberlain, Bull. ent. Res., 
1923, 14 , 147 : 1925, 16 , 31 ; Misra, ibid., 1930, 

21 , 161 ; Mahdihassan, /. Sa. Ass., Vizianagrafu, 1923, 
1 , 47: Glover, 123-24: Shellac, 9; Kapur, 7-23; 
Roonwal et al., 7-9). 

Life cycle — The insect starts its life as a minute 
boat-shaped, red coloured larva, c. 0.5 mm. long and 
0.25 mm. broad. The larvae emerge in large numbers 
at certain times of the year from the lac cells of the 
female in.sect and crawl over tlie surface of twigs and 
branches of plants they infest. A healthy female 
produces 300-1, o(x> larvae. After a brief period, and 
depending on favourable weather conditions, the 
larvae emerge from the cell in search of suitable places 
for settlement ; and larval emergence may continue 
for several weeks. The proportion of male to female 



LAC AND LAC INSECT 


TABLE l-LACCIFER SPP. AND THEIR DISTRIBUTION IN INDIA 


Species 

!. L albizziac ((Jreeii) 

2. L ambiifiia Misra 

3. L I'hiHcnsis (Malulihassan) 

4. L communis (Mahdihassaii) 

5. /. chrachiata (dhamberlain) 

6. L fid (Green) 

7. L irulicola Kapur syn. L. imiica Misra 

8. L jhansiensis Misra 

9. kytiia Misra 

10. L lacca (Kerr) 

11. 1. lonj'isffiim Misra 

12. L mysorensis (Maiidihassan) 

13. L lutf^olicnsis (Maiidihassan) 

14. L pusami Misra 


finst plants 

Croton caudntus Gciselcr and other plants 

(Mjanus cajun (Linn.) Millsp. and other plants 
Ficus tnysorensis Heyne and other plants 
Ficus clasticn Hoxb. 

Ficus rclif^iosa Linn., F. hcn^alcnsis Linn. 
& Hutcu monos per mu (Lam.) lauh. 

’/iziphus muuritiana Lam. 

Ziziphus mauritiana Lam. 

Kyditi lalycinti Roxh. 

A number of host plants 
Cajunus cujun (Linn.) MilKsp. 

Shored tuluru Koxb. and other plants 
Schicichcru oleosa (Lour.) Oken 

liutea monospermet (Lam.) Taub. &' Ziziphus 
muuritiana Lani. 


Area recorded 
l^arjeeling 
Jhansi 
Assam 
Mysore 

Manbhum & Bangalore 
Monghyr & Coimbatore 

Bihar 

Jhansi 

Assam 

All over India 

Assam 

Mysore 

Bangalore 

Pusa 



FIG. I. I.AC INSECT (LACCIFER LACCA)-STAGES IN LIFE CYCLE ; I. I.ARVA 2. MALE CELL 3. FEMALE CELL 4 8C 5. WINGLESS AND 
WINGED MALE ADULTS 6. FEMALE ADULT 7. MATURE FEMALE LAC CELL «. MALE AND FEMALE LAC CELLS ON BER (ZIZIPHUS 

SP.; TWIG 9. LAC ENCRUSTATION ON BER (ZIZIPHUS SP.) TWIG 
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larvae in the brood varies in different crops and years, 
but generally it is i : 3. The density of settlement on 
the shoots is usually 150-180 larvac/sq. cm. Once 
settled the larva does not move from its place. 

A week or so after settling, the larvae start secreting 
lac from glands distributed under the cuticle all over - 
the body, except the mouth parts, the two breathing 
pores and the anus. It thus gets encased in a cell of 
its own secretion which increases in size with the 
growth of the insect. The larva moults thrice before 
reaching maturity : the duration of each of the tliree 
larval stages depends on environmental factors, sucli 
as temperature, humidity anil host plant. The sex is 
readily recognized by the shape of the cell even in the 
early stages of larval development. In the case of the 
male cell, the growth is more along the longitudinal 
axis ; in the case of the female cell, the growth is 
more along the vertical axis. The differentiation 
between sexes is particularly marked after the first 
moult. The male lac cell assumes a slipper-like appear- 
ance and a loose operculum at the rear end is evident 
immediately after the second moult, fnsule the cell, 
the larva casts the second moult and passes through 
prepupal and pupal stages ; during these stages, the 
larva does not feed and the mouth parts hecome abor- 
tive. After the completion of the pupal stage, ,the 
adult male, which may or may not have wings (wing- 
less males are more common) emerges by ])ushing 
open the operculum ; the relative numbers of the two 
forms in a colony vary considerably in different 
seasons. 

The female larva becomes swollen and assumes the 
form of a pear-shaped or roundish bag which com- 
pletely occupies the space inside the lac cell. After the 
final or third moult, tlie female is .sexually mature 
and is fertilized by the male which has a life of 
62-92 hr. after emergence. Lac secretion by the female 
continues, and the size of the insect as well as that 
of the enveloping lac cell increa.ses at a fast pace : the 
female lac cell eventually attains a size which is 
several times that of a male lac cell. The female conti- 
nues to secrete lac until the eggs are laid. Even the 
unfertilized female is as capable of producing lac and 
fertile progeny as the fertilized female. 

As the time for egg laying approaches, the body of 
the female contracts on one side (ventral), gradually 
vacating space inside the lac cell in which it is en- 
closed. Simultaneously, wax and wax filaments are 
secreted and shed in the vacated space, possibly to 
provide dry dressing and cushion for the future young 
larvae. The anal tubercle is then withdrawn inside 



I-IG. 2. I.AC ENCRUSTliD BRANCHES OF KUSUM 
SaiLElCHERA OLEOSA 


the cell for laying eggs, which hatch into larvae 
immediately after laying. Temperature plays an im- 
portant role both in egg laying and larval emergence. 
Egg laying practically ceases if the temperature falls 
below 17'' in summer and below in winter; the 
fcmak\ however, retains its vitality to lay eggs for 4 
to 12 days. The larvae inside the lac cell become in- 
active below a temperature of 20^^ ; hut their capacity 
to produce lac sul)sci|ucntly under favourable condi- 
tions is not impaired. The percentage of females in 
the progeny is not affected by subjecting broodlac to 
low temperature for short periods. These factors have 
an important hearing on the preservation and trans- 
port of broodlac over long distances and on forcing 
larvae to swarm at particular periods as desired. 

Strains of lac insect- - Two strains of the lac insect 
are commonly recognized in India, the Rangccni and 
the Kusumi ; lac crops raised from them are named 
after the months in whicli they arc harvested. Each 
strain completes its life cycle twice a year, hut the 
seasons of maturity differ considerably: thus in the 
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case of Rangeeni strain, the katki crop is harvested in 
Octol)er -November from inoculations made in June- 
July : the baisakhi crop is obtained in Junc-July from 
plants inoculated in Octo])cr-Novcm])cr. Usually as 
a general practice the baisakhi crop is harvested 
earlier in April or May as ari i.e. in immature state 
of development. Similarly, in the case of Kustdtm 
strain, the aghani crop is harvested in January- 
Fehruary from plants inoculated in June-July ; the 
jellnvi crop is obtained in June-July from January- 
Fehruary infection. 

In Mysore Slate, the Rangeeni strain completes 
three cycles in 13 months on jallari (Slwrea taltira), 
though the same Mysore strain when grown on jallari 
in northern India, has only two life cycles in a year. 
Likewise, Kusumi brood raised in northern India 
when inoculated on kusum trees in Madras State, 
com])letcs its life-cycle in different months. Equable 
climatic conditions in the south seem to be responsible 
for these variations. 

Each healthy Rangeeni female lac insect in its life 
time produces c. 0.029 g. of lac and each Kusumi 
female, c. 0.069 K- To produce one pound of Rangeeni 
and one pound of Kusumi lac, 15,655 and 6,580 
healthy females respectively are required. The over- 
all production of Rangeeni lac is 5-8 times that of 
Kusumi lac, because of the limited numbers and 
distribution of kusum trees in India. Kusumi lac, 
however, sells at a higher price on account of the 
superior quality of the resin |Misra, Bull, agric. Res. 
Inst, Pusa, No. 185, 1928 ; Glover, 4 ; Kapur, Indiafi 
Fm^, N.S., 1954-55. 4(5), 25 : Shellac, 9-16]. 

Host plants — There are well over a hundred species 
of plants on which lac insects have been recorded in 
India, hut from the point of view of large-scale lac 
production, the following are important: 

A. Rangeeni strain 

Palas, dhak \Butea monosperma (Lam.) Taub.] — 
Common throughout the greater part of India, exten- 
ding in N.W. Himalayas as far as Jhelum ; in the 
outer Himalayas it ascends up to 9<x) m. and in the 
hills of southern India up to 1,200 m. It is the 
commonest lac host in the country. 

Ber, beri, kul {Ziziphus maurituina Lam.)— Found 
throughout the greater part of India, cither wild or 
naturalized, ascending up to 1,500 m. in the Hima- 
layas. It is one of the major hosts in most lac growing 
tracts ; it is the only important lac host in Murshida- 
bad and Malda districts of West Bengal and in 
Iloshiarpur district of Punjab, 


Ghont, kat-ber {Ziziphus xylopyra Willd.) — Fairfy 
widely distributed in India ; found especially in 
Rajasthan, Uttar Pradesh, Madhya Pradesh and the 
r>eccan Peninsula from Konkan southwards ; it is 
an important lac host in Madhya Pradesh. 

Porho, khunia, jahrphali {Ficus ciinia Buch.-Ham.) 
— Found throughout the greater part of India, 
especially on the sides of ravines. It is valuable for pre- 
serving broodlac in hot summers. It is utilized for lac 
cultivation mostly in Chota Nagpur and Assam ; a 
host plant of potential importance in other parts of 
India. 

Barh, bargad {Ficus bengalensis Linn.) and Peepal 
{Fiscus religiosa Linn.)-*Found throughout India ; 
these hosts plants arc particularly valued in the hotter 
parts of the country as they are able to carry broodlac 
through the summer months. 

Arhar \Cajanus cajan (Linn.) Millsp.] — Extensive- 
ly cultivated throughout India, it is an important lac- 
host in As.sam hills where it is grown as a biennial or 
triennial crop. In the plains, where it is usually an 
annual crop, it is of little value for lac cultivation. 
Laccifer chinensis, which is common in Assam, is 
probably the species that thrives on it. 

Tapria siris {Albizzia lucida Benth.) — Distributed 
in the sub-Himalayan tract from Nepal eastwards and 
in Assam ; it is another important lac host in Assam 
and has given good results in Chota Nagpur. It grows 
well in several areas in northern India. 

Other host plants employed to a small extent in 
the cultivation of Rangeeni strain in different parts 
of India are: panjan, sandan {Ougeinia oojeinensis 
Hochr.) for baisakhi crop; khair {Acacia catechu 
Willd.) for ari (premature cutting) of baisakhi and 
katki crops ; babul, kikar {Acacia arabica Willd.) and 
pansaura {Grewia serrulata DC.) both for baisakhi 
and katki crops. 

B. Kusumi strain 

Kusum \Schleichera oleosa (Lour.) Oken] — Found 
in the dry forests of the sub-Himalayan tract from 
Sutlej eastwards and throughout central and southern 
India. Almost the entire Kusumi lac is grown on this 
host in Chota Nagpur, Madhya Pradesh, Orissa and 
parts of Mysore and Madras States. 

Khair {Acacia catechu Willd.) — Common in most 
parts of India ; it has been successfully employed in 
Chota Nagpur for carrying aghani crop. It remains 
leafless for a considerable period during the summer, 
and it is most important for lac cultivation that it 
should occur in association with kusum so that the 
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latter may be used as host for the jethwi crop. 

During favourable seasons, when extra hroodlac is 
available, cultivators in Choia Nagpur inoculate khair 
trees and harvest a satisfactory crop |Misra, Bull, 
agrk. Res. Inst. Pusa, No. 185, 1928 ; Glover, 31-39, 
83-87 ; Negi, Bull. Indian Lac Res. Inst., No. 76, 1948 ; 
Kapur, Indian Fuzg, N.S., 1954-55, 4(5), 25 : Kapur, 
14-23 ; Roonwal ct al., 9-1 40]. 

Lac CuLiivA'iiON 

Cultivation of lac has been carried on by peasants 
in forest, sub-forest and bintcrland areas where suit- 
able host plants exist, as a subsidiary occupation. The 
more important areas of lac production are: Bihar 
— Chota Nagpur division, Santhal Parganas and Gaya 
districts ; Madhya Pradesh — Bilaspur, Haipur, Bala- 
ghat, Chindwara, jabalpur, Surguja, Nlandla, Raigarh, 
Sconi, Durg, I losbangabad and Sabdol districts ; 
West Bengal — Purulia, Murshidabad, Malda and 
Bankura districts ; /l.s\sv/;n — Khasi and Jainiia bills, 
Garo hills, Mikir hills, Nowgong, Kanirup and Sib- 
sagar forest division ; Orissa - Mayurbbanj, Sambal- 
pur, Bolangir, Dhenkenal, Kalahandi and Keonjbar 
districts ; Boniba\ Bbandara, Chanda, Panchinabal 
and Baroda districts : Uttar Prr/r/c.s 7 z— Mirzapiir 
district and Lucknow and Varanasi hnest divisions. 
Small (piantities of lac are grown in Punjab (Uoshiar- 
pur (list.), Mysore and Madras (Madurai (list.) States ; 
the lac produced is consumed locally. 

Lac cultivation is initiated from hroodlac, which 
is the twig of host tree carrying lac encrustation, with 
larvae about to emerge from mother cells : the twigs 
are cut, bundled ancl tied at convenient places on a 
fresh host plant, so that the emerging larvae swarm 
and settle on nearby succulent shoots. 

Traditional methods of lac cultivation, however, 
have not proved always reliable in providing sustain- 
ed supplies of healthy hroodlac for raising two crops 
a year ; optimum yield of lac from a given (juantity 
of hroodlac is also not always obtained, and lluctua- 
tions in lac production have been the rule in the past. 
The proper management of the host stock, use of 
pest-free brood, time and manner of inoculating host 
plants and control of pests and predators of the lac 
insect are all important for ensuring good yields of 
lac. In recent years, much information of value to 
lac culture has emerged as a result of researches at 
the Indian Lac Research Institute at Namkum, 
Bihar. Improved tecbni(]ues of cultivation have been 
evolved and efforts are being made to popularize 
them among lac growers. 


TABI F 2— PRUNING TIME FOR COMMON LAC HOSTS 


Host 

I.ac crop 

Time of priming 

Pal.'is ami Bcr 

Kalki 

K;irly to mid February 

do. 

naisakhi 

Karly to mid April 

Kusum 

. X^hani 

January February (1} years 
liefore infection) 

do. 

Jethici 

June liilv (li years before 
infection) 

Khair 

Kalki 

February 

do. 


Mid- April to mid-May 


Prz/uz;zg- -The bulk of lac crop is grown on host 
trees, mostly kusum, palas and her. The nature and 
extent of pruning of host plants and the time of the 
year at which pruning is effected have an important 
bearing on the production of succulent feeding 
grouncl for the lac insect and therefore on the lac 
crop. Table 2 gives the times of pruning for diffe- 
rent host plants. It may be necessary, however, to 
moflify pruning schedules according to local 
conditions. 

Cropping of host trees like kusum and certain 
species of Ficus at the time of harvesting, also serves 
the purpose of priming. In priming or cropping a 
tree, the overall consideration should be that the 
general health of the tree must be maintained and 
its frame increased as far as possible. All dead and 
diseased branches should be cut off. It is inadvisable 
to cut branches over 5 cm. in diam. Branches less 
than 1.25 cm. in diam. should be cut close to the 
place of origin by using sharp implements, like a 
secateur (roll cut ty[)c), but for branches which can- 
not be reached by hand, a standard tree primer may 
be used. For cutting thicker shoots or dead stumps, 
a country dauly (crooked knife) is useful. If a stump 
has to be left, it should not be less than 45 cm. in 
length and 1.25 cm. in diam. near the base. 

Coupe system — If the same tree is continuously 
inoculated its vitality suffers and the yield of crop 
progressively diminishes. It is, therefore, important 
that host plants should be given periodic rest. The 
coupe system of cultivation provides for the maxi- 
mum use of host plant resources consistent with 
their vigour and well being. 

Available host trees are divided into blocks 01 
coupes, the size and number of which are determin- 
ed by the kind of trees and the strain of the lac 
insect. Each coupe is inc^culatcd according to a 
schedule. Kusum tree is slow-growing and should be 
normally inoculated after an interval of years. 
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As the crop lasts for 6 months, the available 
mimhcr of trees are divided c(|iially into four coupes 
and infected by turn. Each coupe yields a crop once 
in !wo years. 

In the case of palas, her and most other hosts of 
Raiitrccfii strain, the total available number of trees 
are tlivided into three coupes in the ratio of 1:3:3. 
The smaller coupe, which may he located more 
centrally for convenience of operation, is employed 
for growing only the katki crop which is of three to 
four months’ duration and for which trees are inocu- 
lated in fune-July. The other two coupes are utilized 
for growing the baisakhi crop, only one of these 
being put under lac in each alternate year. The 
baisakhi coupe is inoculated in Octoher-November 
and the crop matures in the following June-July : 
it is usually partially harvested: shoots covered with 
dead lac (often caused by excessive heat) and shoots 
which are almost fully covered with living lac en- 
crustations are cut, while shoots hearing sparse 
settlements of insects are allowed to remain. In the 
latter case, swarming of lac larvae will take place 
in situ and a small katki crop is obtained. Good en- 
crustations of insects are used as hroodlac for inocu- 
lating the katki coupe. 

In hot localities, cultivation on palas and her may 
he done on a tw()-c()u|)e system. Various host trees 
can also he worked in alternation or combination. 
Ficus spp. and other plants that put forth new leaves 
during summer should he used to grow baisakhi and 
jcthzvi crops. 

Inoculation — Broodlac should he cut just before 
the commencement of larval emergence. This is 
determined visually by the appearance of yellow' 
spots on encrustations at the anal regions of healthy 
females. The spots gradually increase in size and be- 
come orange. When the spots are about a quarter of 
the size of the lac cell, the twigs are cut ; emergence 
of larvae will begin c. 5 days later. Inoculation of 
fresh host plants should he completed before larval 
emergence. Only thick encrustations, free of any 
sign of pest attack, should he selected as hroodlac. 

Branches or tw-igs hearing healthy broodlac should 
be cut into convenient lengths of 15-30 cm. and tied 
with strings to succulent shoots of the host tree 
either singly or in small bundles. The tying is done 
either longitudinally or laterally, or brood sticks may 
be interlaced among branches. Longitudinal inocu- 
lation allows maximum contact between brood and 
host. In lateral inoculation, brocxl sticks are tied 
across the gap between two host shoots. Inoculation 


by interplacing is practised where new shoots arise 
in a close group from a parent branch. 

The quantity of broodlac required for a tree 
depends upon the kind of tree and the size and 
number of suitable branches. Approximate weights 
of broodlac recpiired for inoculating one medium- 
sized tree of the following hosts are: PMas, 0.5-1. o 
kg. ; ber, 1-2 kg. ; khair, 1-2 kg. ; kusum, 5-10 kg. 

Preservation of hroodlac — Successful lac cultiva- 
tion depends on the continuous availability of brood- 
lac in the reejuired (juantities. Since different host 
|)lants react differently to weather conditions, the 
broodlac survives better on some host species than 
on others. This is especially true in the case of hosts 
during hot summers. In order, therefore, to ensure 
a steady supply of broodlac, it is advisable to have a 
large variety of trees under lac wherever possible 
rather than restrict cultivation to one host. A short- 
age of broodlac periodically occurs in areas where 
only one host, ber or palas, is exploited for lac pro- 
duction. These two hosts between themselves account 
for 80% of the annual lac production in India and 
being deciduous, they remain leafless for a long 
period during summer, thus exposing the lac insect 
to heat, drought and hot winds. In order to over- 
come this difficulty in areas where only palas or ber 
is available resort may he had to partial pruning of 
her and [)arlial defoliation of palas in October- 
November just before inoculating the plants. As a 
result, the trees put forth new leaves which last 
during hot months and provide shade to the matur- 
ing baisakhi brood. 

The .second way of pre.serving adequate brood 
during the hot summer months is to select only 
hosts which normally have green leaves during 
summer for raising the baisakhi crop. Certain Ficus 
spp., notably F. cunia and F. lacor, and a few legu- 
minous plants like Alhizzia lucida and Oufreinia 
oojcinensis have proved valuable for this purpose. 

Alternation of brood — If hroodlac from a parti- 
cular host is used year after year in the same locality 
and on the same host species the (piality of the lac 
crop is likely to deteriorate. It would be advantage- 
ous, therefore, to exploit more than one kind of host 
for cultivating lac. Khair {Acacia catechu)^ which is 
more or less widely distributed, is a host for both 
Rangeeni and Kusumi crops and can be successfully 
alternated with kusum. Sticklac obtained from 
khair trees inoculated by kusum brood is as good 
in quality as that raised on kusum, and it fetches 
about the same price. 
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Parasites & Predators — Several species of parasitic 
chalcidoid wasps lay their eggs in or on the body 
of the lac insect. The grubs on hatching out feed on 
the lac insect and mature adult chalcidoids emerge 
from the lac cell by chewing out circular holes. The 
damage resulting from parasites is usually 5-10% of 
the lac crop, but in certain years and in some locali- 
ties it may be as high as 50%. 

Predators of lac insect which arc of serious conse- 
quence arc two moths, Eiiblemma amabilis Moore 
and Ilolcocera pulverea Meyr., and three species of 
Chrysopa Leach (lacewing fly), viz. C. tnadestes 
Banks., C, lacciperda Kimmins., and an unidentified 
species. The caterpillars of the two moths tunnel 
through and cat away lac encrustations as well as the 
insects, thus causing considerable ilamage to the 
crop. E. amabilis caterpillars build galleries and 
domes with silk and roundish pink coloured discs of 
their excreta, while damage by H. ptdverca cater- 
pillars can be recognized by the irregular webs 
studded with excreta. E. aynabilis has six generations 
in a year while 7 /. pulverca has live. The larvae of 
Chrysopa spp. suck the body fluids of the lac insect, 
but do not feed on lac. The damage caused by pre- 
datory insects amounts to about 40% of the lac crop. 
Besides these and a few other minor insect enemies, 
birds and s(|uirrcls cause serious damage to living 
insects and lac encrustations during summer. 

Measures for the (ontrol of insect pests of lac- 
arc: (/) immersion of Ircshly harvested sticklac, not 
wanted for brood, as well as pliunki lac (i.e. broodlac 
after larval emergence is complete) in running or 
deep stagnant water : (ii) scraping of lac from twigs 
immediately after harvesting and killing larvae and 
pupae of the pests by burning, crushing, drowning or 
by fumigation with carbon bisulphide (i oz./io cu. ft. 
of space) before storage ; (Hi) avoiding cultivation of 
early and late maturing varieties of lac, at least for 
brood purposes, in the same locality to prevent the 
spread of pests : and (iv) encasing of broodlac for 
inoculation in 60-80 mesh wiregauzc baskets, c. 
30 cm. X 7 cm. in size. The last method is particularly 
recommended for areas wliere lac cultivation is 
being introduced for the first time. The baskets 
permit free exit to lac larvae but exclude enemy in- 
sects. Proper management of liost plants with a view 
to ensure their vitality and vigour helps to reduce 
damage by parasites. 

Parasites and predators emerge from lac cells in 
large numbers tow'ards the close of the emergence 
of lac insect larvae. The practice of leaving brood- 


lac on trees even after swarming is complete, there- 
fore, favours the spread of enemy insects. To reduce 
the risk to the minimum, removal of phunki lac 
from inoculated trees should be completed as early 
as possible, i.e. within 2-3 weeks of the date of 
swarming. For the same reason, self or natural ino- 
culation of host trees should be avoided except 
where absolutely necessary. 

Beneficial insects — Some insects are indirectly benc- 
licial to lac cultivation in as much as they keep oil 
or parasitise enemy insects. Some ants act as body- 
guards of the lac insect, while a few destroy larvae of 
lac pests. Beneficial insects may belong to the groups 
of chalcids, braconids, ichneumonids and bethylids. 
They ])arasitise the eggs or larvae of Eublemma 
atnabilis and Holcocera pulverca. Their utility in 
controlling lac pests is, however, limited, because 
their prevalence in proportion to enemy insects 
is small. 

Harvesting & Yield — 'fhe instruments used for 
harvesting lac crops are those normally usetl for 
pruning ; in fact, if harvesting is properly done there 
is no necessity for pruning the hosts. 

Lac re([uircd for brood purposes is cut a few 
days before larval emergence ; broodlac meant for 
despatch over long distances to other lac growing 
centres is cm a week or so before emergence. For 
despatch to outside stations by motor, rail or air. 
broodlac is packed in bamboo baskets with a capa- 
city of 15-20 kg. 

Knerustations of lac from excess crop (not retpiir- 
ed for brood) are separated from the twigs by 
scraping. The scraped material, green lac or sticklac, 
as it is called, is spread thinly (10-15 cm. deep) in a 
covered and well-ventilated place and periodically 
raked until dry. Broodlac twigs employed for inoculat- 
ing fresh host plants, are collected after the completion 
of swarming, and encrustations from them are also 
scraped out and dried. The sticklac thus obtained is 
then bagged for storage or for the market. Lac 
should not be stored in the green condition as fer- 
mentation sets in and fungus growth is favoured ; 
lumps are formed and the quality of lac deteriorates. 
Long storage of even dried lac affects the solubility 
and other properties of lac and reduces its market 
value. 

The yield of lac is 2J/I-3 times the weight of brood- 
lac employed for inoculating the host : in really 
good crops, it may be as high as 5-7 times. The 
yield of scraped lac is usually about one-third of the 
harvested material (which includes twigs) in the case 
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of Rangccni crops and about one-half in the case of 
Kusumi crops (Misra, Bull, agric. Res. Inst. Pusa, 
No. 185, 1928 ; Glover, 23-62, 66-115; Negi, Bull. 
Indifin Luc Res. Inst., No. 50, 1942. 1-7 ; No. 76, 
1948, 1-10 ; Ncgi et uL, ibid., No. 63, i945» *-12 ; 
Kapur, Indian Fnig, N.S., 1954-55, 4(5), 25 : Shellac, 
25 34 j- 

COMPOSI J ION & UsKS OF L/U: 

The major consiituent of siicklac is the resin (70- 
So^^/',) ; oihcr constilucnts present are: sugars, pro- 
teins. and soluble salts, 2-4 ; colouring matter, 1-2 ; 
wax, 4“ 6 ; sand, woody matter, insect bodies and 
other extraneous matter, 8-12% ; a volatile oil is 
present in traces (Ranganathan, /. sci. industr. Res., 
1944-45, 3 , 20; Annu. Rep. Indian Lac Res. Inst., 
1947-48, 20; 1948-49, 21). 

Lac resin (mol. wt., c. 1,000: acid val., 59-75 ; 
hydroxyl val., 255-280 : sap. val.. 225-230) is com- 
posed of intcresters of hydroxy fatty acid derivatives. 
Aleuritic acid (trihydroxypalmitic acid, C, .iH.,/);., 
m.p. loi”) is the major constituent; several isomers 
of aleuritic acid arc present. Shellolic acid 
(C,.lIa„Ou), a dihydroxy hydroaromatic acid, occurs 
to the extent of 10% ; two isomeric shellolic acids 
(m.p. 206*^ and 238°), two isomers of dihydroshellolic 
acid (m.p. 226° and 245°) and two isomers of the next 
higlier homologuc of dihydroshellolic acid (m.p. 166 ’ 
and 226"^) have been isolated. Other acid constituents 
present in lac are kerrolic acid (C^iHajO^, m.p. 132") 
and hiitolic acid (C,;,H;i„0;p m.p. 54-55*^) : the former 
is a letrahydroxy-hexadecanoic acid, while butolic 
acid is a monohydroxy-pentadecanoic acid (Ranga- 
nathan, loc. cit. ; Kirk & Othmer, XI I, 247-49 : Sen 
Gupta & Bose, /. sci. industr. Res., 1952, IIB, 458). 

The resin can lie fractionated into soft ami hard 
components by exhaustive extraction with ether ; 
the former constitutes c. 30% of the original rcsirt 
and is brown in colour. Both soft and hard resins 
can be further fractionated by successive extraction 
wirli organic sohents. One fraction of soft resin 
contains free acids and neutral materials including 
the yellow dye, eryrhrolaccin. The second fraction 
possibly comprises intcresters of e(juivalent amounts 
of aleuritic acid, an isomer of aleuritic acid and 
lacollic lactone. Mono- and clihydroxy-palmitic acids, 
butolic acid, a li(|uid lactonic acid and two solid 
acids (m.p. 149° and 225®) have been identified in 
the soft resin. The largest fraction (50%) of the hard 
resin consists of a monobasic interester (C.,Ji.iO,,) 
which on saponification yields etjuimolar proportions 


of aleuritic acid and lacollic lactone ; the latter is a 
mixture of several constituents but has the proper- 
ties of a single hydroxy acid lactone of the composi- 
tion CioHaiO... The second largest fraction (25%) is 
composed of interester lactones of equivalent 
amounts of aleuritic acid, lacollic lactone and kerro- 
lic acid (Kirk & Othmer, XII, 250). 

IVax — The wax present in sticklac is usually 
obtained as a by-product in the manufacture of 
dewaxed shellac ; it is known in the trade as Shellac 
Wax. The analytical constants of the wax fall with- 
in the following ranges: m.p. 72-82° ; d’'“’“, 0.971- 
0.982 ; aciil val., 12.0-24.3; ; ester 

val., 45.5-104.0: and iod. val., 6.8-8.8. It contains: 
esters (ceryl lignocerate, ceryl cerotate, lacceryl lac- 
ceroate, ceryl aleiiritate), 80-82 ; acids (lacceroic, 
cerotic), 10-14 ; alcohols (ncoceryl, lacceryl), i ; 
hydrocarbons (penlacosane, hcptacosane), 2-6 ; and 
resins, 2-4%. It resembles carnauba wax and al- 
though it is useful in formulations where a natural 
wax t)f the hard type is desired, its principal use is 
in the electrical industry (Warth, 1 10-13). 

Colouring mr/t/cr— Lac contains a water soluble 
red dye, laccaic acid, and an alkali and spirit soluble 
yellow dye, erythrolaccin ; the latter is possibly a 
tetrahydroxymethyl anthraejuinone. Laccaic acid 
(C.2„Ilj,0,o, m.p. 180° decomp.) is a hydroxy-anthra- 
tjuinone carboxylic acid. Lac dye is obtained by 
extracting sticklac with water aiul .sodium carbonate 
solution and precipitating with lime. It gives bright 
red and scarlet shades which are somewhat faster than 
cochineal (Mayer & (kiok, 144 -47 : Ranganathan, 
loc. cit.). 

Refining — Crude lac, as obtained by scraping the 
resinous encrustations from harvested twigs, is 
kiK)wn in commerce as sticklac. It is seldom used 
without refining. 

Sticklac is crushed by hand- or power-operated 
roll mills and washed with water in cup-shaped stone 
vats or steel barrels. It is then dried on cemented 
floors away from the direct rays of the sun and 
finally winnowed. The water soluble colouring matter 
is removed during washing. Washed lac or seedlac, 
thus obtained is in the form of grains (10 mesh/in. 
or less), yellow or reddish brown in colour. Adhering 
impurities amount to 3-10%. 

The impurities are eliminated from seedlac by 
further treatment— not filtration of molten material or 
by dissolution in a suitable solvent. Varieties of re- 
fined lac met with in the trade are: shellac, button 
lac, garnet lac, dewaxed lac, etc. (For details relating 
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to the refining of lac see With India — Industrial Pro- 
ducts, pt V, 162-74). 

Utilization — Lac is one of the most versatile 
natural resinous materials. It has a uniejue combina- 
tion of properties which renders it useful for a 
variety of applications in the plastics, electrical, ad- 
hesive, leather, wood finishing, hat manufacturing 
and other industries. It is thermoplastic ; it is soluble 
in alcohol and weak alkalies, and lac films are resi- 
lient, possess high scratch-hardness, good adhesion 
and electrical insulation. 

Lac dye was formerly employed extensively for 
dyeing silk, wool and leather ; it has now been 
largely replaced by the more versatile synthetic 
dyestulls. 

The chief use of lac was in the manufacture of 
gramophone records ; 30-40% of the shellac export- 
ed from India was being consumed by this industry 
in the past. In recent years, lac is being replaced, 
particularly in U.S.A., by synthetic substitutes. The 
annual consumption of lac in India, for this purpose, 
is reported to be 250 tons. 

Lac is used in the electrical industry in the 
form of insulating varnishes and moulded insulators. 
The largest use is in the manufacture of micanite 
and impregnating components, laminated paper in- 
sulation, mica insulation products, switch bases and 
boards, spark shields, etc. It possesses very good 
adhesion to mica ; its non-tracking property, i.e. 
freedom from surface carbonization as well as ex- 
pansion of conducting tracks under silent or high 
voltage discharge, makes it particularly useful for 
applications in the electrical industry. 

By far the biggest consuming channel for lac is 
the surface coating industry ; it is used in the form 
of varnishes, polishes, finishes, lac( [tiers, etc. for pro- 
tective and decorative purposes. Spirit varnishes are 
employed for linishing wooden floors, furniture, 
musical instruments, sports goods and toys. Lac is 


used as a coat for metal ware to prevent tarnishing, 
for preserving archaeological and zoological speci- 
mens, and for finishing playing cards, rubber cloth 
and oil cloth, oil silk, linoleum and a variety of other 
articles. It is used also ftjr coating and finishing 
earthenware utensils to render them impermeable to 
water. Aqueous varnishes or emulsions are used for 
leather dressing and leather finishing and as coatings 
for medicine tablets. 

Lac is used for stilTening and finishing felt hats, 
straw hats and silk hats ; no synthetic resin has so 
far been formulated to replace lac for this purpose. 
It is the principal ingredient of sealing wax. It is a 
minor but important ingredient in rubber mixes, 
particularly those used for shoe heels and soles, tyres, 
tubes, rubberized fabrics, etc. It is used also in 
various types of adhesives and cements. It is used 
for glazed paper, printing and water-proof inks, nail 
polishes, dental plates, ammunition, bangles, jewel- 
lery fittings, photo engraving, wax crayons and 
optical frames (Misra, Bull. ^/gnc. Res. Inst. Ptisa, 
No. 185, 1928; Sen & Ranganarhan, 17-71). 

TABLE 3-AVERAGn ANNUAL PRODUCTION OF LAC IN 
DIFFERENT .STATES O9U-60) 



(Qty in 

thousand 

nid.) 




Jhiisakhi 

JetUxai 

Katki 

Ajflutm 

Total 

Bihar 

331.5 

10.9 

89.8 

32.4 

464.6 

Madhya Pradesh 

214.6 

9.4 

108.1 

16.7 

348.8 

West Bengal 

132.8 

4.2 

24.8 

14.5 

176.3 

.Maharashtra 

24.7 


25.0 


49.7 

(Gujarat 

6.2 


6.2 


12.4 

Uttar Pradesh 

13.3 


4.3 


17.6 

Orissa 

2.8 


2.1 

8.7 

16.8 

Assam 



11.5 


11.5 

Ollier Stales 

8.7 

0.3 

3.9 

0.9 

13.8 

Total 

734.6 

28.0 

275.7 

73.2 

1, .5 


TABLE 4— PERCENTAGE SHAKES OF DIFFERENT STATES IN TOTAL LAC PRODUCTION* 
1951 52 1952-55 1953-54 1954 55 


Bihar 


36.6 


36.7 


40.0 


49.9 


Madhya Pradesh 

33.0 

26.1 

27.4 

23.8 

WY*st Bengal 

19.4 

25.3 

2l3 

16.8 

Maharashtra 

5.8 

4.3 

3.0 

2.2 

Cujarat 

1.5 

1.1 

0.8 

0.6 

Other Slates 

.3.7 

6.5 

6.5 

6.7 


* Indian I.«*ic Cess C'fmiinittee, Ranchi. t Data provisional. 


Averaj^c 


1955-56 

1956-57 

1957 58 

1958-59 

1959 60 t 

(! 95 1-60) 

46.5 

45.8 

31.3 

42.2 

46.8 

41.8 

.10.3 

29.0 

42.2 

38.7 

.10.8 

31.4 

14.3 

1.5.3 

12.7 

6.0 

12.1 

1.5.9 

4.0 

4.3 

6.6 

5.7 

3.1 

4.5 

1.0 

1.1 

1.6 

1.4 

0.8 

1.1 

3.9 

4.5 

5.6 

6.0 

6.4 

5.3 
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TABLE 5— PRODUCTION OF LAC* 
(in thousand md.) 


finisakhi Katki 

.■tfiliar 

i Jetlmi 

'lotal 

ly.LS to 

IW •tO(av.) 

M08 

M7 

165 

48 

1 . 54 s 

1040 41 10 

1044 45 (av.) 

750 

251 

lio 

62 

1,162 

104.^ 46 to 

1040 .S0(av.) 

600 

28.1 

155 

58 

1,166 

1050 51 

744 

285 

41 

5 

1.075 

1051 52 

057 

267 

65 

0 

1.206 

1952 .=55 

020 

1.56 

58 

20 

1.1.52 

105J 54 

427 

161 

51 

15 

654 

1 954-55 

600 

220 

1.58 

45 

1,025 

1055 .56 

8l.t 

555 

61 

41 

1,248 

1056 57 

7.^2 

501 

65 

17 

I,.515 

1057 .58 

840 

2.15 

40 

27 

1,140 

19.50 .50 

600 

2.52 

45 

50 

027 

1050 60 

650 

545 

120 

55 

1,150 

• Sili'cr Jubilee Snuzeiiir, 
180 200 ; Atlas of lutiian I.ar. 

, Inrlicirt Lai' C!i'^s (!otnin., 

. Indian Lar CVss Comm., 1050, 

1956, 
14, 18. 


TABLE fi-PERCENTAGE SHARES OF DIFFERENT CROPS IN TOTAL 
LAC PRODUCTION* 



tiaisakhi 

Jethu'i 

Katki 

Afghani 

1951 52 

75.8 

0.7 

20.6 

4.9 

1052 55 

80.6 

2.5 

15.5 

.5.4 

195.^ 54 

65.2 

2.4 

24.6 

7.8 

1054 55 

58.6 

4.4 

21.4 

1.5.6 

10.>5 .56 

65.1 

5.5 

26.7 

4.0 

10.=?6 57 

55.7 

1.5 

58.0 

5.0 

1057 .58 

75.7 

2.4 

20.4 

5.5 

1 ‘>58 50 

65.5 

.5.2 

26.2 

.5.1 

10.50 60** 

.56.1 

5.0 

20.8 

11.1 

Average 
(1051 60) 

66.0 

2.6 

24.6 

6.8 

* Indian l.ac 

Cess ('omniitti-c, Kanihi. 

** Data 

provi.sional. 


PkouI'Citon & Trade 

I^ac is grown in India mostly as a subsidiary crop 
by small village farmers and the individual produc- 
tion often ranges from a few pounds to a maund. 

'J'he average annual production of lac in India 
during past 30 years is over 11 lakh maunds. 
rable 3 gives the State-wise annual production for 


each of the four lac crops during 1951-60. Tabic 4 
gives the percentage shares of various States during 
the period 1951-52 to 1959-60 (Sharan & Sundaram, 
Silver Jubilee Souvenir, Indian Lac Oss Comm., 1956, 
74 : Atlas of Indian Lac, Indian Lac Cess Comm., 
H)- 

Baisaklii crop — ^This crop accounts for c. of 

the total annual production and receives panicular 
attention from growers and trade alike. Failure of this 
crop is not as frequent as that of others. The maxi- 
mum annual production of baisakhi crop was 
1 1, 1 3, OCX) md. (1939-40) and the minimum, 3,65,350 
md. (1943-44). l^ihar accounts for the major share of 
I he production (45?^) followed by Madhya Pradesh 
(29%) and West Bengal (18%). 

Katki crop — This crop constitutes c. 25% of total 
annual production. During the period 1930-60, the 
maximum production was 5,01,000 md. (1956-57) 
the minimum, 1,39.250 md. (1932-33). As the katki 
crop supplies brood for the next baisakhi crop, an in- 
crease or decrease in the former is generally follow'- 
ed by similar variations in the baisakhi cro[). 

Bihar contributes 32*X„ Madhya Pradesh 39 Vo, 
Assam 4% and West Bengal 9V/1 to the total produc- 
tion of katki crop. Assam produces only the katki 
crop, while this crop also occupies an important 
position in Madhya Pradesh. 

Jethwi crop — ^The jethwi crop, on an average, 
constitutes only 2.6‘\, of the total annual production : 
Bihar accounts for 40 ‘X. of the total jet Inc i crop and 
Madhya Pradesh, for 34 Vi.. I'his crop supplies brood- 
lac to the aghani crop, the prospects of which are 
eagerly awaited hy the trade, because of the high 
prices that it fetches in the market. Since the period 
of development of jethwi crop falls during the 
summer, it is particularly liable to failure. 

Aghani cro/) - This crop accounts for c. 6.8';.. of the 
total annual lac production, of which r. 44';,, is pro- 
duced by Bihar and 23Vf. by Madhya Pradesh. During 
the period 1930 to i960, the highest production was 
3,82,250 md. (1936-37) and the lowest, 38.5(K) md. 

( *9.92-53)- 

Tables 5 and 6 give the production of lac from 
various crops and the percentage shares of these crops 
in total lac production. 

Marketing— The producers of lac usually sell their 
crops in the nearest rural market {haat) to dealers or 
agents of manufacturers. Rural markets, small or 
large, arc scattered throughout the lac growing areas 
and number over 600 in Bihar, 850 in Madhya 
Pradesh, 125 in West Bengal and 300 in Assam. With 
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the approach of the cropping season, small amounts 
of rather immature lac start coming into the market ; 
then comes the main flush of crop spread over nearly 
two months, followed by decreasing cpiantities. 

In normal years, there is usually a carry-over of 
sticklac of all kinds, but mostly from bnisakhi and 
katki crops. The quantity carried over depends upon 
the size of the crop and the export during the year, 
and it has a marked influence on the price of the new 
crop. The cultivator keeps himself informed about 
price fluctuations, hut has little holding capacity. 

Exports — At present, lac is primarily an export 
commodity and the internal consumption forms 
only 5-8% of the total production. Lac is exported 
mostly in the form of seedlac, shellac and buttonlac ; 
small quantities of sticklac, kirilac and refuse lac arc 
also exported. Shellac and buttonlac constitute 


58-72% of the export, seedlac, 22-34% and sticklac 
0.2-1. 3%. Table 7 gives the total annual exports of 
different kinds of lac along with their values. Table 
8 gives the exports to different countries. U.S.A. is the 
chief importing country followed by U.K. 

Imports — ^Till recently India used to import lac 
from Burma and Thailand. Burma, in the pre-war 
years, produced annually c. 54,000 md. of sticklac, 
all of which was exported to India. During the war 
and also in subse(|uent years, Burma did not export 
any lac. Thailand also exported alDits sticklac to 
India in pre-w7ir years. Since the war, however, the 
pattern of lac trade with Thailand has completely 
changed, and India is no longer the only country 
to which lac is exported by that country. Table 9 gives 
the annual ini[)orts during the last 5 years. 

Prices — ^The average price of Goldoi Kusufui seed- 


TABLF 7— ljXI»ORT OF LAC FROM INDIA 





(Qty in thousand 

ind. and value in 

lakh Ks.) 





.Shellac & Buttonlac 

Seedlac 

Sticklac & orluT kinds 


Total 


Qty 

VaK 

Qiy 

Val. 

gty 

Vak 

Qty 

— ^ 

Val. 

(av.) 

.S64.() 

147.5 

229.0 

45.5 

52.0 

4.0 

845.0 

I9.S.0 

1946 56 (av.) 

485.0 

682.0 

240.0 

269.0 

70.0 

45.0 

795.0 

996.0 

1956 57 

511.6 

688.4 

191.5 

214.5 

66.1 

44.2 

769.2 

947.1 

1957 58 

41.LS 

429.6 

290.8 

242.0 

. 55.7 

14.4 

740.0 

686.0 

1958 .^9 

519.5 

500.6 

559.7 

264.1 

54.4 

9.6 

7l.k6 

574.5 

1959 60 

579.8 

585.2 

508.9 

257.4 

41.6 

16.0 

750..1 

656.6 




TABI K 8— EXPORT OF LAC TO DIFFERENT COUNTRIES 
(Qlv in thousand ind.) 





1950 51 to 
(av.) 

1959 '40 

1946 '47 to 1955/56 
(av.) 

1956 57 

1957 -58 


1958 59 

1959 60 

tT.S..'\. 

540.0 


.551.0 

225.9 

502.1 


552.9 

508.2 

U.K. 

208.2 


176.6 

145.2 

107.8 


76.2 

90.8 

Germany 

59.0 


65.5 

102.4 

77.8 


86.5 

82.8 

Iia!y 

7.0 


19.5 

29.6 

21.2 


15.6 

17.5 

Franco 

18.0 


18.0 

21.1 

12.1 


14.7 

15.1 

U.S.S.K. 

1.2 


28.0 

61.9 

25.8 


51.7 

20.6 

Australia 

7.6 


14.7 

14.2 

14.5 


11.9 

15.8 

Japan 

■ 50.2 


9.2 

12.2 

l.S.O 


15.2 

10.9 

Argentina 

4.8 


8.5 

21.0 

10.8 


5.8 

10.8 

Brazil 

5.2 


15.5 

18.5 

12.5 


4.0 

26.4 

Sweden 

5.0 


15.1 

5.3 

5.9 


4.5 

5.0 

China 

5.2 


5.5 

0.1 

54.2 


26.6 

48.1 

Netherlands 

52.7 


8.6 

7.9 

4.9 


4.0 

5.8 

Hongkong 

2.7 


10.0 

7.6 

4.0 


4.1 

7.0 
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TABLE 9--IMP0RT OF LAC 
(Qty in llioiisnncl md and value in lakh Ks.) 



Qty 

Val. 

|y.S5 56 

54.5 

44 

1056 57 

48.1 

45 

1957 5S 

SA 


J958-.S9 

(a) 

(a) 

1959 60 

0.9 

0.4 


(a) NcKligihle ^ 


lac during 1946-1956 varied from Rs. 143 to Rs. 166/ 
md. ; that of ordinary Baisakhi scedlac, from Rs. 108 
to Rs. 141 /md. The prices have since declined consi- 
derably. The average price of Golden Kusumi seed- 
lac during 1959 was Rs. 99.33/ md. The minimum and 
maximum export prices for some of the grades of 
scedlac during 1959-60 were: Golden Kusumi, Rs. 95, 
Rs. 1 15 ; No. I Kusumi, Rs. 80. Rs. 100 ; No. 2 
Kusumi, Rs. 75, Rs. 93 ; Golden Baisakhi, Rs. 80, 
Rs. 100 ; and Genuine Baisakhi, Rs. 62 and Rs. 78/md. 
respectively (Information from Indian Lac Exporters 
As.sociation, Calcutta). 

Lac Tree — see Schleichera 

Lacquer Tree, Burmese — see Melanorrhoea 

LACTUCA Linn. {Compositae) 

A large genus of annual or perennial herbs, chiefly 
of north temperate regions. About 25 species occur 
in India. The limits of the genus, however, have been 
variously interpreted and some of the species have 
been transferred to other genera [Stebbins, Indian 
For. Rec., N.S., Bot., 1939, 1(6), 237]. 

All the species contain a milky latex and the dried 
latex from some of them furnish the drug, Lactuca- 
rium. One species. L. saliva, is cultivated throughout 
the world as a salad croj). 

L. sativa Linn. syn. L. scariola linn. var. saliva 
C. B. Clarke (FI. Br. Ind.) Garden Letiuck 

D.E.P.. IV, 578 : FI. Br. Ind., Ill, 404. 

Hindi & Beng. — Kahu, salad ; Tei.. - Kavu ; Tam. 
— Salattu, 

An erect, glabrous, herbaceous annual. 0.5-1. 2 m. 
high, widely grown for its cri.sp, edible, highly deve- 
loped radical leaves, which appear before the flower- 
ing starts. Leaves 12.5-25.0 cm. long, thin, nearly 
orbicular, oblong, ohovate or lingulatc, plane, bullate 
or curled : flower heads of yellow rays, borne on pani- 


cles ; achenes lenticular-oblong, dark brown or grey- 
ish brown, with slender beak and white pappus. 

The garden lettuce is considered to have originated 
in the warmer temperate parts of western Asia, in- 
cluding eastern Mediterranean, and descended from 
L. serriola Linn., Prickly LErnicE, found wild in the 
Himalayas and north temperate regions of the Old 
Work!. The two cross readily and according to some, 
the garden lettuce is only a cultivated variety of the 
wild species and cannot be assigned a specific rank 
(Vavilov, 34, 36 : Burkill, II, 1295 ; Thompson & 
Kelly, 256). 

Three or four common cultivars of garden lettuce 
arc generally recognized; they are: ‘Caj)itata’ (Cabbage 
or Head Letittce) with cabbage-like round and com- 
pact heads ; T^ongifolia* (Cos or Romaine Letfuce) 
forming cylindrical or conical heads with narrow 
pointed leaves ; and ‘Crispa’ (Gahiering LErrucE, 
Curled Lettuce or Leak Letfuce) with a loose rosette 
of curled and finely cut leaves, the lower of which are 
picked as they mature. ‘Angustaiia’ (Asparagus or 
Stem Letiuce), which resembles the Cos type, is little 
known in this country ; it does not form a thick head 
and is grown for its thick stem. A large number of 
horticultural types belonging to different cultivars 
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FIG. 4. LACTUCA SATIVA— DIFFERENT TYPES OF LETTUCE 


LA.R.J., New Delhi 


are under cultivation. They differ from one another 
in their adaptation to conditions under which lettuce 
is grown and the quality of crop obtained. Two high 
yielding types of head lettuce, one with green and 
the other with yellowish green foliage, have been 
selected in the Punjab. The following types have been 
recently recommended for cultivation : Imperial- 
847, Paris White Cos and Chinese Yellow 

I Hector II, 1 1 17; Thompson^ Fnirs' Bull, IJ.S. Dep, 
/IgnV., No. 1953, 1951 ; Helm, Kulturpflauzc, 1954, 
2 , 72 ; Purewal, 25 ; Choudhri, 130 ; Gopalaswami- 
engar, 542 ; Singh ct al., Indian Hart., 1955-56, l(i), 
29]. 

I^ettucc is grown mostly as a cold weather crop in 
the plains of India ; in the hills, however, it can be 
grown anytime during spring or early summer. The 
heading types require a relatively low average tem- 
perature. particularly during the later part of their 
growing period. A monthly mean temperature of 
13-16^^ is considered ideal. The crop thrives well in 
open situations, in rich and heavily manured soil, 
plentifully supplied with water when the weather is 
dry. Fertile loams liberally supplied with well-rotted 
organic manure at 20 cart loads per acre arc very well 
suited for their cultivation. Application of a com- 
plete fertilizer (2 md./acrc) containing equal parts of 
nitrogen, phosphoric acid and potash, in addition to 
organic manure, is considered helpful (Thompson & 
Kelly, 256-57 ; Thompson, loc. cit. : Knott, 220 ; 
Gollan, 45-46 ; Purewal. 27). 

Lettuce seeds may be sown directly in the field or 
seedlings may be raised in nursery beds and trans- 
planted in the field. Seeds arc very small (6oo-7(X)/g.) 
and should be sown shallow in properly prepared seed- 
beds to assure germination. For direct sowing, seeds 


are distributed on the sides of raised beds, 2 ft. wide 
and I 2 ft. apart. During the main season, sowings 
arc usually made in nursery beds and sectllings trans- 
planted, when about 6 weeks old in rows 15 in. apart, 
the distance between plants being 12 in. About 
2-2 lb. of seeds are used per acre. The seeds germi- 
nate in 4-5 days after sowing and nearly 85% germina- 
tion is possible if the seeds arc good. Since lettuce is 
shallow rooted, it rccjuircs fretpient cultivation to 
prevent weed growth. It also needs irrigation once 
every 4-5 days if the weather is dry (Purewal, 27 ; 
Milne el ai, 98 ; Gollan, 46 ; Thompson, loc. cit.). 

Two diseases of lettuce have been recorded in India. 
Of these yellow mosaic, affecting the leaves, is the more 
widespread. Leaves turn pale yellow and mottled and 
later get distorted, thickened and leathery. The 
causative virus is seed-borne and is spread by insects. 
Use of clean seeds from healthy plants and elimina- 
tion of infected plants as soon as the symptoms are 
recognized, are effective as control measures. Pythiimi 
leaf rot, caused by Pylhium aphanidcrmatuvi (Edson) 
Fitzpatrick, affects the lower leaves touching the 
ground. The incidence of the disease decreases with 
decrease in moisture (Thompson & Kelly, 264-^67 ; 
Thomp.son, loc. cit. ; Vasudeva ct al., Curr. Sci., 1948, 
17 , 244 ; Jain, Sci. & Cull., 1951-52, 17 , 258). 

Leaf lettuce may he harvested at any lime after 
the plants are large enough for use, but before the 
leaves become tough and bitter. When grown for 
home use, the large leaves are removed as they 
mature, leaving the small ones to develop. Mead 
lettuce is ready for harvest when the heads feel solid 
to the touch and before the flowering stalk begins to 
develop. A method sometimes adopted to retard early 
flower stalk development is to cut the tap root below 
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the ground level and tie the leaves together loosely 
with a string. A yield ol’ 100-125 heads per 

acre is reported (Thompson & Kelly, 26S ; Knott, 223 ; 
Gollan. 46; Macmillan, 310: Milne cl aL, 99; 
Thompson, loc. cit.). 

For seed production, fully naturali/ed and selected 
Slock should he used. Seeds of the best (piality arc 
obtained from plants sown about the later part of 
October. Seeds rapidly lose their viability under warm 
moist conditions. 'Fbey should be stored in a cool dry 
place (Furewal, 27 ; Gollan, 45 ; Thompson, loc. cit.). 

Lettuce is a |)opular salad crop, though it is not so 
extensively used in India as in western countries. It 
is sometimes boiled and consumed or converted into 
a kraut. It is somewhat bitter when grown early, but 
heads from the main season crop arc crisp, juicy and 
appealing to taste. If the leaves are coarsely cut and 
thoroughly wetted with sugared milk before use, the 
taste is much improved (Purevval, 27 ; Thorpe, VII, 

In miirilive value, lettuce is classed along with 
caiilillower, celery and asparagus. It is valued chiefly 
for its vitamin and mineral contents. Analysis of fresh 
lettuce gave the following values: moisture, 92.9; 
protein, 2.1 ; ether extr., 0.3 ; fibre, 0.5 : carbohydrates, 
3.0; and mineral matter, 1.2‘V, ; carotene (as vitamin 
A). 2,200 i.u. : vitamin B,, 270 /-ig. ; nicotinic acid, 
0.4 mg. : riboflavin, 120 //g. : and vitamin G, 15 mg./ 
ICO g. It is also a fair source of folic acid and contains 
some vitamin K, vitamin G, vitamin K and choline 
(Whitaker & Bohn, Earn, Bot,, 1953, 7 , 243 : Hltli 
Bull., N(^. 23, 1951, 34 ; Sci. Nexvs Lett., Wash., 1951, 
59 , 297 : Chcni. Ahstr., 1940, 34 , 3839 ; Ahmad ct aL, 
Indian J. nied. Rcs., 1953, 41 , 441). 

The mineral constituents present in lettuce are: 
sodium. 3.1 : potassium, 208; calcium. 25.9: magne- 
sium, 9.7 : iron, 0.73 ; copper, 0.15 : phosphortis, 30.2 : 
sul|)bur, 11.8: and chlorine, 39.5 mg./ too g. Traces 
of arsenic, barium, manganese, titanium, zinc, alumi- 
nium, lluorine and iodine are reported : availability 
of lettuce calcium in comparison with that of milk 
calcium. So",,. Lettuce also contains pectic substances 
(4'V, as calcium pectate) and organic acids (oxalic, 
o.oii : malic, 0.06 ; and citric, 0.05%) mostly as salts 
(McC^ance & Widdowson, 89 ; Thorpe, VII, 276-77 ; 
Jacobs, II, 1252 : Kertesz, 306). 

Damaged heads and outer leaves are used as cattle 
feed. An oil rich in carotene, chlorophyll and xantho- 
phyll has been obtained from lettuce waste by extrac- 
tion with organic solvents ; the unsaponifiahle frac- 
tion of lettuce lipids contains ceryl alcohol, an amyrin- 


like compound m.p. igo""), ergosterol, 

vitamin E and an anti oxidant (Ci JIuO;;, m.p. 143°). 
Concentrates of vitamin E and of the anti-oxidant 
have been prepared. The residual meal left after the 
extraction of oil contains c. 24% protein and is fed 
to cattle \Cliemurg. T)/g., 1953, 12(6-7), 21 ; Clum. 
Ahstr., 1931, 25 , 5690: 1938, 32 , 3330]. 

Garden lettuce like other species of Lactuca yields 
lactucarium used as hypnotic in bronchitis and 
asthma. The latex from the stem and root contains 
caoutchouc (0.04% and 0.14'^, respectively). Lettuce 
is used in poultices for burns and painful ulcers 
(Nadkarni, I, 720; Kirt. & Basil, TI, 1441 ; Chem. 
Ahslr., 1947, 41 , 4197). 

L. serriola Linn. syn. L. scariola Linn. Prickly 
Lkituce 

D.E.P., IV, 578 : FI. Br. Ind., Ill, 404 (in part) ; 
Blatter, II. 4, PI. 34, f'ig. 5. 

Hindi & Bent;. -Kahn. 
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FIG. 5. LACTUCA SERRIOLA-BEFORE FLOWERING 
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FIG. 6. lACTUCA SERRIOLA-SEEDS 

An erect leafy plant, 60-150 cm. usually prick- 
ly towards the base, found wild in the western Hima- 
layan region, from Murree to Kunawar, lietween 1,800 
and 3,300 in. TA*aves sessile, pimiarilid, prickly beneath 
on the midrib and nerves ; inflorescence similar to 
that of cultivated lettuce; seeds grey, oblong, c. i.o 
cm. long and 1-2 mm. broad. 

The plant is valued more for the seeds than leaves. 
The seeds are used in the form of powder for coughs 
and as a decoction for insomnia. The ash from the 
seeds contains fairly good amounts of iron and phos- 
phorus [Bull. iuip. Inst., Loud., 1919, 17, 37 ; Nad- 
karni, 1 , 720 ; Dhingra & IVrshad, /. Imlian chem. 
Soc., 1945, 22 , 127). 

The seeds yield 35. 2 Vo of a greenish yellow, semi- 
drying oil with a pleasant odour and sharp taste. It 
has the following characteristics: sp. gr.^' , 0.9230; 
i/-‘ , 1.4880; acid val., 10.2 : sap. val., 192.5 ; iod. val., 
121.3; R.M. val., 0.71 ; Hehner val., 92.1 ; acet. val., 
6.5 ; and unsapon. matter (contains sitosterol). 2.2';.,. 
The fatty acid composition of the oil is as follows: 
palmitic, 4.0 ; stearic, 3.74 ; arachidic, 0.31 ; oleic, 
36.98 ; and linoleic, 47.05V0 ; caproic acid (2.1%) was 
reported in one sample of oil. The oil is suitahle for 
use in soap making and in paints and varnishes ; it 
can be used for edible purposes after refining. It is 
reported to possess hypnotic and antipyretic proper- 
ties. It is also considered a cure for falling hair 
(Gambhir & Dutt, Indian Soap /., 1946 47, 12, 49 ; 
l^hingra & Per.shad, loc. cit. ; Btdl. imp. Inst., Loud., 
1919, 17, 2 iiy 

The residual meal left after the extraction of oil 
has a high feed value (total protein, 34.3?/) ; nutritive 
ratio, 1:1.1) comparable to that of linseed meal. It 


has a slightly bitter taste and contains traces of an 
alkaloid {Bull. Imp. List., Loud., 1919, 17, 37). 

The milky latex from the plant yields lactucarium 
similar to that from L. virosa ((|.v.). The latex con- 
tains caoutchouc (1.58',’,,), resins (1.8570) and organic 
acids. The presence of inulin is re|)orted in the roots 
(Wehmer, II, 1266). 

L. indica Linn. syn. brcviroslris Champ., is a 
tall annual with long, linear-lanceolate leaves and 
12-20 flower heads, found in Sikkim Himalayas, 
Assam and Khasi hills, and extending further into 
Japan, China and the Pliilippines. It is cultivated in 
southern Japan and China, and leaves of .selected 
races are usetl as vegetable. The leaves are reported 
to possess tonic, digestive and depurativc properties. 
In Abor hills, the dried latex is used as a substitute 
for opium. The silk worm is said to feed upon the 
plant as readily as it does upon mulberry |Burkill, 
II. 1295 ; Burkill, Rrc. hot. Surv. India, 1925, 10 ( 2 ), 

.wi- 

L. runcinata DC. syn. L. Iicynrana DC. (Mar. — 
Undiracliakan), a glabrous herb with radical leaves, 
is a common weed in many parts of India. The plant 
is reported to be diuretic, tonic and slightly aperient. 
It is eaten by cattle and may also have some value 
as a vegetable. L. rcmotijlora DC. (Mah. — UndirU’ 
cJiakan ; Gcj. Palhardi), smaller and more delicate 
than L. runcinata, is found in western U.P., Rajas- 
than, Saurashtra and the Deccan Peninsida. It is re- 
ported to be used for chronic obstructions of liver 
and bowels, and as diuretic in calculous allections 
(Kin. & Basil, II, 1440 ; Cains, ]. Bombay nut. Hist. 
Soc., 1939-40, 41, 84S ; Duthie, 1 , 490 ; Koppikar, 
Poona agric. Coll. 1950-51, 41, 290). 

L. virosa Linn. (Bi ri EK Lk i t vt:K), a prickly biennial 
herb with brown tap root and large radical leaves, is 
a native of Europe. It was formerly cultivated in 
England, Germany and other European countries ; 
the dried latex of the plant was ollicial under the 
name Lactucarium. The drug is reported to have been 
imported to India. 

The dried juice of L. virosa occurs as small irregu- 
lar pieces, externally dull reddish or greyish brown, 
but internally light brown, somewhat porous with a 
hitter taste and distinct opium-like odour. It is report- 
ed to have diuretic, mild sedative and hypnotic pro- 
perties and has been used in the treatment of dropsy, 
cough, asthma, gout and jaundice. Its elficacy has, 
however, been (piestioned (B.P.C.. 1934. 584 ; U.S.D.. 
1955. *73- “33 * Steinmet/. II, 262). 

The drug contains two bitter principles, viz. lactu- 
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cin clecomp. 213 17^) and lactucopicrin 

dccomp. 148-51°). In addition, it contains 
c\ 50';.. of an odourless and tasteless substance, lactu- 
cerin (or laciucon), caoutchouc, and a mydriatic alka- 
loid (?), similar to hyoscyainine. Lactiicerin itself 
is considered lo be a mixture of acetates of a- and 
/i-lactiicerol m.p.: a-form, 203° and ^-form, 

162°); «*.-Iactucerol is identical with taraxastcrol 
(Dolejs cl id.y Chem, & IncL, 1958, 530 ; Chem, Abstr., 
1954, 48 , 1254; Thorpe, VII, 175). 

Lactucarium -- .see Lactuca 

Lady’s Finger .see Hibiscus 

LAGENANDRA Dalz. (Araccae) 

A small genus of herbs found in south-western 
India and Ceylon. One species occurs in India. 

L. ovata (Linn.) Thw. syn. L. toxicaria Dalz. 

Kl. Br. Ind., VI, 495. 

Mak. Valsanahhi ; Tam . — Maruvara Isjcmbu ; 
Mal. — Amlavazha, kariu-pola. 

Bombay — Rukli-alii. 

An a(|uaiic herb with a thick, creeping rootstock 
and large, long-petiolcd, elliptic-oblong leaves, found 
in marshes and along water courses throughout the 
west coast, from Konkan southwards to Kerala and 
western ghats up to 1,200 m. 

The [)lant is consideretl poisonous, but the active 
principle has not been isolated. It contains an acrid 
juice ami is used in ointments for itch. It is reported 
to have insecticidal properties and tubers are used 
locally in the treatment of kidney disorders, heart 
diseases and swellings. The flowers possess a power- 
ful odour hy which tliey attract carrion Hies (Chopra, 
501 ; Burkill, II, 1296: Chopra, 1958, 580; Kirt. 
Basil, IV, 2602 ; Rama Rao. 425). 

LAGENARIA Ser. (Cucurhitaccac) 

A moiK)ty|)ic genus found wild in the warmer parts 
of the Old World and cultivated in India for its fruits 
used as vegetable. 

L. siceraria (Mol.) Standi, syn. L. Icncantha Rusby ; 
L. vulgaris Ser. Botilk Gourd, Calha.sii (^ourd 
D.E.P., IV, 580: C.P., 700; Kl. Br. Ind., H, 613. 
Hindi — Kaddu, lauki, luniri ; Bkno. — Lau ; Mar. — 
Bhopala, dudhya ; Guj. -Dudhi, tiimada ; Tel.-— 
Sorrakaya ; Tw^. ^Shorakkai ; Kan. — Halagumhala, 
sorckayi. 

Assam — Lau, Imgalau ; Punjab — Ghiya. 


A large pubescent, climbing or trailing herb, with 
stout 5-angled stems and bifid tendrils, found through- 
out India, either wild or cultivated. Leaves long- 
petiolcd, 5-lohed ; flowers large, white, solitary, mono- 
ecious or dioecious ; fruits large, up to 1.8 m. long, 
usually bottle or duml)-bell-shaped, almost woody 
when ripe : seeds numerous, long, white, smooth, 
1. 6-2.0 cm. long, horizontally compressed with mar- 
ginal groove. 

The cultivated form of L. siceraria is considered to 
be of African or Asian origin ; it is found also in 
America and is supposed to have been introduced 
in to the New World even before Columbus. The 
fruits of wild types are characterized by a hard, woody 
outer layer impervious to water ; the pulp is bitter 
and rather unpalatable, but the shells are used for 
carrying or holding water ; they are also used as 
floats because of their lightness. As a result of long 
cultivation, numerous types yielding fruits devoid 
of woody coat have been evolved. The fruits vary 
widely in shape and size, and are characterized by 
soft and swTctish flesh. The cultivated types arc given 
different names, even specific epithets, according to 
the shape of the fruit, e.g. bottle gourd, long-necked 
gourd and trumpet gourd. Types differing in their 
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FIG. 7. LAGENARIA SICERARIA-ROUNDED FRUIT 
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I.A.R.L, Nrzv Delhi 

FIG. 8. LAGIiNARlA SICERARIA— BOTTI.E-SHAPED FRUIT 


atinptafioii to soil and season arc also known. Piisa 
Suinincr Prolilii: is a heavy yiclder, suitable for 
summer as well as rainy season |Burkill, II, 1296; 
Dal/iel, 58 ; Ames, 86-89 ; Whitaker & Carter, Aincr. 
/. Bol.y 1954, 41 , 697; Camp, ibid.. 1954, 41 , 700; 
Bailey, 1947, II, 1774; Singli & Sikka, Indian Fmgy 
N.S„ 1954-55, 4(10), 20 ; Singh ci aL, Indian Ilorl., 
'956 57- K«)- 291- 

L. sii'craria is a popular vegetable grown almost 
all the year round, particularly in frost-free areas. 
It can he cultivated in all kinds of soil, hut thrives 
best in lieavily juanured loams. It rc(|uires a warm 
humid climate or plenty of watering when grown 
during dry weather. Seeds may he sown in nursery 
beds and seedlings transplaiiied when they have put 
forili 2-5 leaves. They may he also sown directly, 
4 5 seeds together, in manured beds or pits 5-6 ft. 
apart ; the strongest among the seedlings is retained, 
while others are removed or transplanted. Seedling 
transplantation is employed where an early crop is 
desired. Cenerally two crops are raised in India : the 
summer crop is sow^n from the middle of (Vtoher to 
the middle of March and the later crop, Irom the 
beginning of March to the middle of July. Round 
fruited types are ustially sown for the early crop and 
long, bottle-shaped types for the second crop. Vines 
arc allowed to trail on the ground or trained over 
walls, trees, or other support; trailing over the 
thatch of dwellings is reported to give high yield of 
fruits (Cxollan, 87 : Milne rl al., 107-08 ; Roberts 
Kartar Singh, 574 ; Purewal, 73 : Singh & Sikka, 
loc. cit.). 

Bottle gourd is susceptible to a number of diseases 
and pests. Anthracnosc, caused by Collctotrichiim 


lagcnarium (Pass.) Kll. & Halsr., appears on yotmg 
fruits in the form of water-soaked lesions of pinhead 
size which later become sunken and filled with a 
spore mass, pinkish at first and black finally. Fruit 
rot is caused by Fythiiini ajylianidcrnialnni (Fdson) 
Fitzpatrick : spongy, water-soaked spots appear on 
the surface of fruits lying on the ground, which later 
extend in area, showing white cottony growth of the 
fungus. Use of thatches 2 ft. high and spraying with 
Bordeaux mixture (4-4-50) or Cheshunt mixture (i oz. 
in I gal. of water) are reported to give satisfactory 
control. Fsrudnl^rrnnospora cnbcnsis (Berk. Cant.) 
Rostov, causes downy mildcwv of leaves, which be- 
come yellowdsh and dry up partially. Farly removal 
of badly infected vines, followed by spraying with 
iVm Bordeaux mixture prevents spread of the disease. 
A mosaic disease of leaves has also been reported 
(iSingh cV Singh. Sci, & Cult,, 1952-53, 18 , 489, 593 ; 
Venkata rayan tV Venkatakrishniah, Curr, Sci., 1953, 
22 , 183 ; Vasudeva & Lai, Indian J. ai!^ric. Sci., 1943, 
13 , 182 ; Capoor & Varma, Cttrr. Sci., 1948, 17 , 274). 

The red pumpkin beetle, Aidacophora lovcicollis 
Lticas, is a .serious [)esi of seedlings causing injury to 
first leaves, sometimes devastating the entire field. 
In.sects may he Iiand picked to check the s[)read in 
small plots and kitchen gardens ; dusting with paris 
green and ashes or with lead arsenate (1 *.30) is elTec- 
livc in fields ; dusting with DD'P or gammexane 
diluted with ashes is also reported to he effective. 
The fruit fly, of which there are two kinds, damages 
developing fruits: Pacus diversus Cocjuillctt affects 
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the yield indirectly by breeding in and destroying 
male flowers ; D. cticnrbilac Cocjiiillett attacks tender 
fruits, flowers and even stem forming galls [Singh 
& Sikka, loc. cif. ; Latif cS: Khan, Pakist. /. Sci,, 1952, 
4 , 33; Hafra, Indian /. c/gnc. .SVi., 1953, 23 , 87; 
Narayanan, Indian Fnig, N. S,, 1953-54* 3(2), 8 ; 
3 ( 4 ), 8]. 

For use as vegetable, bottle gourds arc gathered 
while tender ; with increasing maturity the flesh be- 
comes coarse and dry, and seeds become hard. The 
crop sown in Octoljer-March yields fruits from March 
to July, while the rainy season crop gives fruits in 
November- December. The fruits are cut with the 
peduncle and marketed in baskets. Care is required 
in harvesting and marketing them. If the skin gets 
injured or scratched, black spots develop in a day or 
two and the market value is lowered. Injury may be 
avoided by wrapping fruits in butter paper and tran- 
sporting them in bamboo baskets lined with ncem 
(Azadiraclita indica) leaves |Piirewal, 74: Singh & 
Sikka, loc. cit. ; (iaitondc & Argade, Farmer, 1958, 
^>( 2 ); ' 5 l- 

Kach plant yields 10-15 i*‘tiits weighing 1-3 lb. 
each. An average yield of 125-200 md. per acre has 
been reported (Singh & Sikka, loc. cit. ; Milne el al., 
108). 

Young and tender fruits are eaten as vegetable. The 
flesh is soft, spongy and insipid when young ; it is 
somewhat hitter when old. Analysis of the edible por- 
tion of the fruit gave the following values : moisture, 
96.3; protein, 0.2; fat (ether extr.), o.i ; carbo- 
hydrates, 2.9 : mineral matter, 0.5 ; calcium, 0.02 : 
and phosphorus, <0.01%. Other mineral elements 
reported to be present are: iron (0.7 mg./ too g.), 
sodium (1 i.o mg./icx) g.), potassium (86.0 mg./ 100 g.) 
and iodine (4.5 /^g-./kg.). Glucose and fructose have 
been detected. The amino acid composition of the 
fruit is as follows: leucines, 0.8 ; phenylalanine, 0.9 ; 
valine, 0.3 ; tyrosine, 0.4 : alanine, 0.5 : threonine, 
0.2 ; glutamic acid, 0.3 ; .serine, 0.6 ; aspartic acid, 
1.9: cystine, 0.6: cysteine, 0.3; arginine, 0.4; and 
proline. 0.3 mg./g. (Porterlield, Fcon. Bat., 1951, 5 , 
3: Hltli Btdl., No. 23, 1951, 36: Iodine Content of 
Foods, 77 : Pain & Bancrjec, Indian I. med. Res., 
1956, 44 , 749 : Rao el al., J. sci. indiistr. Res., 1956, 
15 C, 39 ; Majumder et aL, Food Res., 1956, 21 , 477). 

I'he fruit is a good source of B vitamins and a fair 
source of ascorbic acid. The edible portion contains: 
thiamine, 44 /ig. ; riboflavin, 23 /Ag. ; niacin, 0.33 mg. ; 
and ascorbic acid, 13.0 mg./ioo g. ; it contains 16.02 
mg./g. (dry basis) of choline (Porterfield, loc. cit. ; 


Inteiigan et ai, Philipp, J. Sci, 1953, 82 , 247 ; Ahmad 
el ai, Indian J. med. Res., 1953, 41 , 441). 

The fruit is rich in pectin (21%, on dry wt.). The 
jiectin has the following composition: uronic anhy- 
dride, 58.48 ; furfural, 20.72 ; and methoxyl val., 
5.39%. 'I'hc jelly prepared from gourd pectin possesses 
good strength properties (Krishnamurti & Giri, Proc. 
Indian Acad. Sci., 1949, 29 B, 155). 

Bitter fruits yield 0.013% ^ foam contain- 

ing cucurbitacins B, D, G and H, mainly cucurbitacin 
B (C.,aH.„, 0 ,„ ni.p. 184-86®) ; these bitter principles 
are present in the fruit as aglyconcs. Leaves contain 
cucurbitacin B, and roots, cucurbitacins B, D and 
traces of F. The fruit juice contains /i-glycosidase 
(clatcrase), opt. pH in phosphate buffer, 4.0-5.5 ; opt. 
temp., 50®. Plants which yield non-bitter fruits con- 
tain no bitter principles or clatcrase ; the roots of 
such plants are not bitter (Knslin, J. Sci. Fd Agnc., 
1954, 5 , 410 ; Enslin et al., ibid., 1956. 7 , 646 ; 1957, 
8 , 673 ; Rehm et al., ibid., 1957, 8 , 679). 

The seeds (wt. of too seeds, 15 g.) arc edible. In 
China, they are boiled in salt water and eaten as an 
appetiser. Analysis of seed kernels (68% of seed wt.) 
from Sudan gave the following values: moisture, 
2.47 ; protein, 30.72 ; oil, 52.54 ; carbohydrates, 8.3 ; 
fibre, 1.58 ; ash, 4.43 ; CaO, o.ii ; and IV)., 2.46%. 
Seeds are reported to contain a saponin (Porterfield, 
loc. cit. : Grindlcy, /. Sci Fd Agric., 1950, 1 , 152 ; 
Wehmer, If, 1203). 

The oil obtained from seed kernels is clear and 
pale yellow. It is used in parts of Africa for edible 
purposes. Kernels from ripe seeds (40',’/. of seed wt.) 
from Bengal gave 45/0 of oil with the following 
characteristics: n*"”, 1.471 1 ; sap. cquiv., 301.6; iod. 
val., 126.5 ; free fatly acids (as oleic), 0.54 ‘X* ; and 
unsapon. matter, 0.67%. The component fatty acids 
of the oil are: linoleic, 64.0 ; oleic, 18^2 ; and .saturated 
acids, 17.8%. The oil from seeds collectetl from U.P. 
had a lower linoleic acid content (29.84V0) with 
correspondingly higher saturated acids. The cake left 
after the extraction of oil from decorticated seeds is 
rich in protein and may be used as cattle feed 
(Dalziel, 59 ; Grindley, loc. cit. ; Chowdhury et al., 
Sci. & Ctdl., 1953-54, 19 , 163; Chetn. Abstr., 1936, 
30 , 3673)- 

The plant is often cultivated for the fruit shell 
used as water bottles ami howls ; ladles, pipes, blow- 
ing horns, snuff boxes, etc. are also made from the 
shell. The shapes of fruits may be manipulated as 
desired when the fruits are young ; dry shells arc 
used in musical instruments like sitar and bin 
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(Dalziel, 59-60 ; Burkill, II, 1197 ; Porterfield, 
loc. cit.). 

Tender shoots and leaves are consumed as vegetable 
ill India. The amino acid composition of the edible 
material (moisture. 90.8 ; protein, 2.5%) is as follows: 
leucines, 2.3; phenylalanine, i.o; valine, i.o; tyro- 
sine, 0.4 ; alanine, i.i ; threonine, 0.8 : glutamic acid, 
1.7: serine, 0.9; aspartic acid, 2.9; cystine, 1.7; 
cysteine, 0.4 ; lysine, 5.2 ; methionine siilphoxide, 
0.3 : and proline, 0.3 mg./g. ; the vitamin C conteni 
of leaves is reported to vary according to locality ; 
sam[)les from Bengal, Bihar and Assam contained 
respectively 5.0, 33.0 and 8.5 mg./ ux) g. The presence 
of steroidal sapogenins in leaves (0.13% on dry wt.) 
has been reported from Philippines (Majumder et aL, 
Food Rcs„ 1956. 21 , 477 ; Barua, /. Indian chnn. Soc.^ 

1946, 23 , 238 ; Anzaldo ct aL, Pliilil)!). /. Sci,, 1957, 
86, 233). 

The fruit pulp around the seeds is considered 
emetic as well as purgative ; it is given to horses. It 
is cooling, diuretic and antibilious and applied extern- 
ally in delirium. A syrup prepared from the tender 
fruit is used as pectoral. The juice of the fruit mixed 
with lime juice is used as an application for 
pimples : boiled in oil it is used for rheumatism ; 
the leaf juice is used for baldness (Chopra et aL, 491 ; 
Kirt. & Basil, II, 1117; Burkill, II, 1297-98; 
Quisumhing, 939). 

The seeds are used in dropsy and as anthelmintic ; 
the root is also used in the treatment of dropsy. The 
seed oil is apjdied externally in headaches. The 
prickly cortex of the vine and flowers are regarded as 
counter poisons (Kirt. & Basu, II, 1117-18: U.S.D.. 

1947, 1469; Porterfield, loc. cit.). 

LAGERSTROEMIA I Ann, (Lythracrar) 

A genus of trees and shrubs distributed chicHy 
from South-East Asia to Australia. Some species 
yield valuable timbers : a few are ornamental. About 
10 species occur in India. 

L. hypoleuca Kurz 

D.E.P.. IV. 582 : Kl. Br. Ind., II. 577. 

Andamans -Pabda, pyinma. 

Tradk — A ndaman pyinnia, 

A large tree, 18-21 m. in height and 3 m. in girth, 
with a clean hole of c. 7.5 m., found in deciduous and 
evergreen forests in Andaman Islands. Bark thin, 
white ; leaves ovate to ovate-lanceolate. 15-20 cm. 
long ; flowers in long terminal panicles, lilac ; capsides 
ovoid, 1.6 cm. long, woody. 


The tree is usually found on low ground and sandy 
soil and is less common on hills. It seeds freely almost 
every year and natural reproduction is reported to be 
good. 'J'hc rate of growth is slow (10-18 rings/in. 
ratlins). The tree is suitable for cultivation in wet 
low-lying lands of Bengal (Troup, II, 604-05 ; Gamble, 
375 : Macalpine. Tocklai exp. Sta. Metnor., No. 24, 
1952, 81). 

The wood is hard, very strong, elastic and heavy 
(sp. gr., c. 0.66 ; wt.. 38-44 Ib./cu. ft.). It is somewhat 
similar in appearance to teak hut rather light in 
colour. It is easy to air-season hut end-splits are likely 
to develop if left in the log ; green conversion with 
open stacking of sawn material is recommentied. The 
shrinkage during seasoning is considerable and the 
wood swells up when wet. The timber takes 12-15 
days for kiln-seasoning ; in addition to initial steam- 
ing, it needs at least one intermediate steaming and 
one steaming towards the end of drying at 55® & 
100“:. R.H. for 2-4 hours. During precision drying for 
high class work, e.g. railway carriage building, con- 
ditioning treatment shoulcl be given (Pearson & 
Brown, II, 590, 592 ; Trotter, 1944, 125- 26; Descrip- 
live List of sonic Empire Timbers, Imp. Inst., 
Lond., 1928, 22 ; Rehman, Indian For., i9<;v 

79,369). 

The data for its comparative suitability as timber, 
expressed as percentages of the same properties of 
teak, are: wt., 90; strength as a beam, 80: stiffness 
as a beam, 80 ; suitability as a post, 75 ; shock- 
resisting ability, 85 ; retention of shape, 70 ; shear, 
too; and hardness, 80. The timber is a motlerately 
good bender with a tendency for the bend to 
open. It is seldom attacked by white ants, and is 
moderately durable (durability as determined by 
graveyard tests. 7-10 years) (Limayc, Indian For. 
Rec., N.S., Tinib. Mcch., 1954, Sheet No. 12 : 
Rehman el aL, Indian For., 1956, 82 , 469 ; 
Purushotham et at., ibiil., 1953, 79 , 49 ; Pearson tk 
Brown, II, 592). 

The timber is used for building purposes, such as 
planking, scantlings, shingles, floor boards, door and 
window frames and interior work. It is a good furni- 
ture wood. It is used for electric and telephone poles 
and also for electric fittings, cooperage, golf stick 
shafts, spokes and felloes of wheels, etc. It is especially 
suitable for boat and ship building, and for piles, 
being resistant to marine borers. It is also suitable for 
plywood and, occasionally, highly figured beautiful 
panels are available. The limber of this species has 
been sometimes sold in Calcutta market as L. speciosa 
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tor,, 1952, /II, 270 ; uescripiivc uisi uj auitiv n^Tupirc 
Timbers, Imp. Inst., Lond., 1928, 22 ; Industry, 
Cidcutta, 1950, 41 , 299 ; Gamble, 375). 

L. indica Linn. Common Crape Myrti.e 
D.E.P., IV, 583 ; FI. Br. Ind., II, 575. 

Hindi & Beng.— telingachina ; Tel.— 
Chinagoranta ; T!\'s\,—Pavalak-kurinii, sinappu. 

PvsjAB -Saoni, dhaura ; Pomb\y-— C l linai-mendhi. 

A handsome deciduous shrub or a small tree, 
native of China, commonly cultivated in gardens 
throughout India for its beautiful flowers. Though 
usually a shrub under cultivation, it is reported to 
attain a height of 15 m. in Assam forests, where it 
is possibly wild. Bark smooth, ashy or nearly white, 
peeling off in thin pieces ; leaves elliptic or obovate ; 
flowers in terminal panicles, white, rose or mauve ; 
capsules globose ; seeds winged. 

The wood (wt., 42 Ib./cu. ft.) is white or brownish 
and hard ; charcoal made from it is used for thicken- 
ing lacquer in Japan. The Atlas silk-worm moth feeds 
on the plant (Gamble, 371 ; Burkill, II, 1299). 


The bark of L, indica is considered stimulant and 
febrifuge. Bark, leaves and flowers are said to be used 
in Indo-China as purgative and hydragogue. The roots 
arc astringent and used as gargle. The seeds contain 
a narcotic principle (Kirt. & Basu, II, 1082 ; Quisumlv 
ing, 640 ; Chopra, 1958, 546). 

L. lanceolata Wall. 

D.E.P., IV, 583 ; FI. Br. Ind., II, 576. 

Mar. — Nana ; Tel. — Ventaku ; Tam. — Vevala ; 
Kan. — Benteak, hilunandi, bolundur ; Mal. — 
Velillavu, venthekku, 

Bombay — Bondara, bodaga, sukulya ; Travancore 
Hills — Venda, vengalam. 

Trade — Benteak, nana. 

A moderate-sized to large deciduous tree, some- 
times attaining 30 m. in height and 2.4-3.0 m. in 
girth, with a clean cylindrical hole of 12-15 
found from Bombay southwards to Kerala and in the 
hills of Deccan Peninsula up to an altitude of 1,200 m. 
Bark smooth, greenish or yellowish white, exfoliating 
in papery strips ; leaves elliptic-lanceolate or broadly 
ovate, 6.2-10.0 cm. x i. 8-5.0 cm., coriaceous, glabrous, 
shining above, usually white or greyish hlue, hoary- 
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FIG. 10, LAGERSTROEMIA INDICA-IN FLOWER 
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riG. 11. LAGFRSTROEMIA LANCEOI.ATA-FLOWBRING BRANCH 


Bcnteak wood is strong, clastic and heavy (sp. gr., 
c. 0.7 ; wt., 42 Ib./cu. ft.). It is difficult to season and 
is liable to end-splits and warps. I^gs should be 
protected from sun and hot winds. Good results are 
obtained by felling trees ten months after girdling 
and storing sawn stock for 18 months. It is likely 
that logs converted in the green and immersed in 
water for 4-6 months, followed by stacking and dry- 
ing, yield better results. The timber can be kiln- 
seasoned in 12-15 days ; it is easy to season as planks 
i.o in. thick ; thicker planks are liable to surface 
cracking. A little warping, cupping and twLsting may 
also be noticed around knots. In addition to initial 
steaming, the timher needs at least one intermediate 
steaming and one steaming towards the end of drying 

55° & 100% R.H. for 2-4 hours. 

The timber is durable in exposed situations as well 
as under cover and in contact with water. Graveyard 
tests gave a durability of 10 years or more. It is 
moderately resistant to white ants and is not prone 
to fungus attack. It is difficult to treat even under 
pressure; .sleepers take up only 2-3 Ib./cu. ft. of 
preservative. 


tomentosc beneath ; flowers small, white, in large 
compound panicles ; capsules ellipsoid ; seeds 
winged. 

The tree grows well on hill slopes and in valleys 
preferring crystalline rock to laterite. It is usually 
found in mixed deciduous forests, but isolated speci- 
mens also occur in evergreen forests. It attains its 
best development in regions of heavy rainfall, e.g. 
in Kanara, Malabar and Coorg. Natural reproduc- 
tion fakes place by seeds which fall early in the hot 
season and germinate at the beginning of rains ; the 
seeds are light and arc carried by winds to some 
distance from the tree and germination appears to 
be uncertain. Seedlings do not stand exposure to sun 
and benefit by slight shade. Bare loose soil aids 
natural reproduction which appears freely on aban- 
doned cultivation. Limited grazing helps to supprc.ss 
undergrowth and favour natural reproduction. The 
growth is moderately fast (6-8 rings/in. radius), the 
mean annual girth increment being 0.78 -1.05 in. The 
tree coppices well ; coppice shoots attain a height of 
39 ft. and diam. of 9.75 inch in 40 years. The tree is 
susceptible to attack by white spongy rot [Daedalea 
flavida Lev.), white stump rot {Fames durissimus 
Lloyd) and tar spot {Rhytisma lagerstroemiae 
Rabenh.) (Troup, II, 602-04 ; Gamble, 373 ; Indian /. 
agric. Scu, 1950, 20, io7).45,®Oy 
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FIG. 12. I.AGERSTROEM1A LANCEOLATA-TRANSVERSE SECTION 
OF WOOD (xlO) 
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The wood can be sawn and worked by machine 
or by hand ; it finishes to a smooth surface and takes 
a fair polish. Timl)er from well-grown trees has fine 
straight grain with few or no knots. Burrs occasionally 
form at the base and up the bole and these, when 
opened out, sometimes yield fine figure. The data for 
comparative suitability of timber, expressed as 
percentages of the same properties of teak, are: wt., 
loo ; strength as a beam, yo ; stiffness as a beam, 
too : suitability as a post, 90 ; shock-resisting ability, 
105 ; retention of shape, 65 ; shear, 105 ; and hard- 
ness, 105 (Pearson & Brown, TI, 582 -83 ; Purushotham 
ct (iL, Indum For., 1953, 79, 49 ; Trotter, 1944, 127 ; 
Rehman, Imlian For. Bull., N.S., No. 198. 1956, 4; 
Limaye, Indian For. Rrc., N.S., Tinih. Mecli., 1954, 
1, Sheet No. 12). 

Benteak is chiefly nsed for building construction, 
bridges, ships and boats. It is also used for railway 
carriages, wagons, motor lorry and bus bodies, and 
band Itarrows. It is suitable for commercial plywood, 
match boxes and splints, trestle stands and shooting 
sticks of s|)ring-back tyjte. It is used for furniture, 
boxes, grinding mill.s, agricultural implements, carts, 
spokes and felloes, and general carpentry purposes, 
golf stick shafts and picker arms, and appears 
promising for badminton and tennis rackets. It is 
useful for turney, cooperage and bent-wood work 
and has been recommended for electric transmi.ssion 
[)oles and railway sleepers (Pearson & Brown, TI, 583 ; 
Trotter, 1944, 127-28, 207 ; Chowdhury, Indian For. 
Leafi, No. 37, 1943, 17 : Itidian For., 1952, 78, 276, 
278 ; Dastur, Useful Plants, 134 ; Rehman et al.^ 
Indian For., 1956, 82, 469 : Gupta, loc. cit. ; Narayana- 
murti, Indiafi For. Bull., N.S., No. 140, 1948, 2 ; Rama 
Rao, 180). 

Benteak is a good fuel wood (calorific value: 
sap'ivood 4,95b cal., 8,921 B.t.u. : Ucartzvood — 
5,078 cal., 9,141 B.t.u.). Carbonization gave (dry 
basish charcoal, 33.1; pyroligneous acid, 36.6: 
acid, 4.19: esters, 3.42; acetone, 1.99: methanol, 
1.36: tar, 7.5: pitch los'ses, 2.9*’;, (Rodger, Indian 
For. Bull., No. 19, 1913 ; Krishna Ramaswami, 
Indian For. Bull., N.S., No. 79, 1932, 19 : Kedarc 
IVndolkar, /. sci. industr. Res., 1953, 12B, 
217). 

The leaves of L. lanceolala (N, 1.05/..) are used as 
green manure in arecanut gardens. 'Fannin is present 
in leaves (8.2‘;„), bark (0.3 1'V,) and fruit fwSondc, 
Arccan. Bull., 1955-56, 6 , 77 ; Ivl wards rl al., Indian 
For. Rrc., N.S., Chon. kb‘ Minor For. Prod., 1952, 
1(2). 158 ; Rodger, loc. cit.]. 


L. parviflora Roxb. 

D.E.P., IV, 583 ; C.P., 701 ; FI. Br. Ind., II, 575. 

Hindi — Dliaura, lendia, hakli, sidi ; Bkng. — Sida ; 
Mar. — Lcnde, hondga, bondara ; Guj. — Kakria ; 
Tel. — Chinangi ; Tam. — Chenangi ; Kan. — Chan- 
nangi, voitaku ; Mai.. — Cmiatzii, ventekku ; Oriya — 
Salora. 

Punjab — Bakli, dhaura ; Nepal — Bhot duanyaro, 
bordcri ; T^epcha — Kimhil-kung; Assam — Sida, 
dhauli ; Hyderabad — Chungi. 

'Frade — Lendia. 

A medium-sized deciduous tree, 15-18 m. in height 
and 1.5-1. 8 m. in girth, with a clean bole of 3.6-4.5 m., 
found almost throughout India up to an altitude of 
9(X) m. in the Himalayas. Bark light grey to reddish, 
smooth, exfoliating in narrow longitudinal flakes ; 
leaves elliptic, oblong or ovate, 5-10 cm. x 2.5-3.7 cm., 
glabrous, shining above, greyish and more or less 
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FIG. 13, LAGERSTROEMIA PARVIFLQRA-COPPICE CLUMPS 
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pubescent beneath ; flowers in lax axillary and 
terminal panicles, white, fragrant ; capsules ovoid or 
ellipsoid ; seeds winged. 

The tree is generally found in dry mixed forests 
and though often plentiful, it is not gregarious. It is 
often found as a companion of sal, teak and other 
commercial species. The tree grows in a variety of 
soils and geological formations, including black 
cotton and trap ; it thrives best on deep porous loam 
and though often found on clay, it does not stand 
water-logging. It is a liglu-tlemander and fairly 
frost-hardy. 

Natural reproduction takes place by seeds. Fertile 
.seeds arc not produced in abundance every year. 
Loose, porous, hare soil appears to favour natural 
reproduction. Immunity from damage by grazing 
aiul good power of recovery from the etlects of fire 
and mutilation are factors which favour natural 
reproduction. The rate of growth is moderately fast, 
mean annual girth increment being c. 0.96 in. The 
tree coppices and pollards vigorously and is eminently 
adapted for working as coppice, a rotation of 30 years 
being generally sufficient for the production of poles 
for building purposes. The tree is subject to the attack 
of white stump rot (Fovies durissiinus IJoyd), dark 
brown heart rot {Fames fastuosus Lev.), white spongy 
rot {Fames pectvialus Kl.), spongy yellow heart rot 
{Fames rimosus Berk.), white pocket rot \Polyporus 
f^ilvus (Schw.) Fr.], rar spot {Rhytisma lagerstroemiae 
Rabenh.) and grey heart rot | 7 V^/;;/c/c.s incerta 
(Cairrey) Cke.] (Troup, 11 , 593-97 ; Benskin, Indian 
For. Bull., No. 28, 1915; Indian J. atrric. Sci.^ 

20 , 107). 

Lendia wood is strong, liard and heavy (sp. gr., 
c. 0.75 ; wt., 46-48 Ih./cu. ft.). It is dillicult to air- 
season as ir is prone to end-splitting, surface cracking 
and warping. It shoultl he converted green, prefer- 
ably in (lamp or cool weather and piled under cover, 
well protected from hot winds and sun, and allowed 
to dry slowly. At least 2 years should be allowed for 
drying stock 2 in. thick, luid-coating. of scantlings 
or planks minimizes end-splitting. In dry hot locali- 
ties, the only method of air-sea.soning the timber is 
cither to girdle the trees for a year and then fell and 
convert, or convert green logs and immerse the stock 
in water for 2-3 months, followed by fairly close 
stacking of material in a well-protected shed. Kiln- 
seasoning pre.scnts no dillicultics (Pearson (k Brown, 
ir. 578 ; Trotter, 1944, 129). 

The wood is only fairly durable (av. life as deter- 
mined by graveyard tests, 4-5 years). It is liable to 


while ant and insect attacks. The wood can he treated 
with preservatives hut penetration into heartwood is 
poor ; absorption in .sleeper-treating trials varied from 
2 to 10 Ih./cu. ft. and was patchy. The timber is 
not dillicult to saw and work, especially when green. 
It machines well and lini.shes to a shiny smooth 
surface which lakes a good polish. Sometimes it 
exhibits a short wavy grain. The data for its com- 
parative suitability as timber, expressed as ])erceninges 
of the same properties of teak, are: wt., 105 ; strength 
as a beam, 90 ; siilTness as a beam, too : suital)ility 
as a post, 90 ; shock-resisting ability, 120 ; retention 
of shape, 60; shear, 135; ami hardness, 1 10 
(Pearson & Brown, II, 579; Trotter, 194^, 129: 
Limaye, Indian Far. Rcc., N.S., Timh. Mech., 1954, 
1 , Sheet No. 12). 

TiCndia is used for building construction, fencing, 
bridges, boats, oars and agricultural implements ; also 
for carts, cooperage, wood pipes and water tanks. It 
is suitable for boxes, tool handles, tent pegs, wedges 
for ship’s hatihcs. golf stick shafts, leather cutting 
blocks, bent-wood furniture, picker arms and tele- 
graph poles. Selected timber with figured grain should 
make decorative furniture. It is recommended for rail- 
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FIG. M. LAGER.STROKMIA PARVIFLORA-TRANSVERSE 
SEC'I ION OF WOOD ( x 10) 
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way sleepers after treatment (Pearson & Brown, II, 
579: Dastiir, Useful Plants, i ; Trotter, 1944, 130; 
Reliinan Askari, Indian For. Bull., N.S., No. 200, 
1956, 2 : Gupta, loe. dt.). 

Charcoal made from lendia wood may prove suit- 
able for producer gas. The calorilic value of wood 
is: safizcood -4,951 cal., ^,913 B.t.u. ; licarlwood — 
4,tSS5 cal., 8,794 B.t.u. C.arboni/ation trials yielded (dry 
basis): charcoal. 36.2 : |)yroligneoiis acid, 35.8 ; acid, 
4.67 : esters, 3.98 : acetone, 2.48 : methanol, 0.82 : tar, 
S.7 ; pitc h losses, 2.1“... Analysis of wood ash 
(2.1b".,. dry basis) gave: I'eX), + Al/>„ 0.35; CaO, 
56.14: MgO, 6.40: K;^(), 7.18: Na^O, 10.16; SO;,, 
3.22 : Cl, 0.22 ; and P./).,, i.65',n (Ramaswami, Indian 
For. Lcajl., No. 9, i(;42, 3 ; Krishna & Ramaswami, 
Indian For. Bull., N.S., No. 79, 1932, 19 ; Kedarc &C 
Tendulkar, /. sci. indust r. Res., 1953, 12B, 217). 

'^rhe bark and leaves of L. l)arviflora contain tannin 
(7 lo'n and 16';;, respectively) : tanning trials. showed 
that a good fawn colour is produced on light leather. 
'Phe hark is reported to be used for dyeing thread, 
[t yields an inferior tibre. 1’he tree is lopped for fodder 
and is a host of the tussur silk worm ; it is reported 
to yield a sweet edible gum (Edwards el al., Indian 
For. Rev., N.S., Chrtn. & Minor For. Prod., 1952, 
1(2). 158 : Benskin, loc. cii. ; Laurie, Indian For. 
Leafl., No. 82, 1945, 9). 

L. speciosa Pers. syn. L. flos-rcginae Retz. : C.B. 
Clarke (Kl. Br. Ind.) in part Queen' Crape Myki'le 
1 ).K.P., IV. 582 : C.l>. 70. ; FI. Br. Ind..'!!. 577. 
lIiNoi Jar id ; Beno. — jarool, ajar ; Mar. Taman, 
mota-hondara ; Tel. Vara^ofru ; Tam. -Kadali, 
Imniarutliu ; Kan. Holc-dasavala, clialla ; Mal.— 
Maninuiruthu ; Oriya — Paioli. 

Vv\]\n ~Jarul ; Assam— Ajar, thing-dou tlilado. 
T\<Ain:—]arul, [yxitinia. 

A mediiim-si/ed to large deciduous tree with a 
niunded crown, distributed more or less throughout 
India, especially in Assam, Bengal and Dtrcan IVnin- 
sula. Bark smooth, greyish, exfoliating in irregular 
flakes : leaves ohiong-lanceolate or ell|)itic : ilowers in 
large panicles, mauve to purple ; capsule ellipsoid or 
siih-globose : seeds pale brown. 

Jarul is one of the well-known ornamental trees and 
is widely cultivated in gardens and as an avenue tree. 
In favourable situations it attains a height of 24 m. 
and girth 3.6 m. with a clean hole of 12 m. : it is 
usually much smaller. It grows best on rich deep 
alluvial loam and it is typically found along banks of 
rivers and streams and in low-lying swampy areas. 


though it is not always confined to such places. The 
tree is a moderate light-demander and hccomes 
suppressed under heavy shade. 

Natural reproduction takes place by seeds which 
germinate early in the rainy season. Seedlings arc 
reported to develop well in bare loose soil under 
exposure to light. Drought and weed growth are un- 
favourahlc. Artilicial regeneration is possible by rais- 
ing seedlings in a nursery and transplanting 
them in the field. The growth rate is moderate- 
ly fast (7 rings/in. radius). 'Phe tree coppices well 
and the shoots grow vigorously (Troup, II, 59&-600 : 
Gamhle, 373). 

Jarul wood is hard, strong, elastic and moderately 
heavy (sp. gr., c. 0.54 : wt., 39 Ih./cu. ft.). It air-seasons 
without difliculty : hest results are obtained by con- 
verting logs green or felling 1-2 years after girdling, 
followed by open stacking. The wood is liable to crack 
and s[)lit if left in the log. and it reabsorbs moisture 
even after long seasoning. Kiln-seasoning takes 16 20 
days ; in addition to initial steaming, it needs two 
intermediate steamings before the final steaming at 
55° & lOo'V, R.H. for 2-4 hours (Pearson & Brown, 11 , 
587-89 ; Rehman, Indian For. Bull., N.S., No. 198, 
4 )*^ 

The timher is moderately durable in the open and 
durable under cover and in contact with water (av. 
life, 7-10 years). It is liable to insect attack, but is 
moderately resistant to while ants. The timber is 
difficult to treat and does not absorb more than 2 lb./ 
cu. ft. of preservative. It saws, works and mathines 
well and finishes to a smooth surface taking a good 
lasting polish. Timher with broad wavy grain and 
handsome in appearance is occasionally met with. The 
data for its comparative suitability as timber, express- 
ed as percentages of the same [troperties of teak, are : 
wt., 95 : strength as a beam, 80 : stiffness as a l)eam, 
85 ; suitability as a post, 75 : shock-resisting ability, 
85 ; retention of shajte, 65 : shear, hm) ; and hanlness, 
105 |.Pearson <!V Brown, II, 589; Purushotham cl al., 
loc. cit. : Cliowdhury, Indian For. Rcc., N.S., Ulil., 
1951, 1(3), 29: Trotter, 1944, 125; Limaye, Indian 
For. Rcc., N.S., Timh. Mccli., 1994, 1 , Sheet 
No. I2|. 

Jarul is a constructional timber of considerable 
commercial importance, particularly in North-East 
India. It is used for building purpo.ses, planking, ship 
building, piles, bridges, water tanks, well curbs, boats, 
dug-outs and oars, railway carriages, motor lorry 
bodies, floor boards, rice pounders, mortars, turnery, 
cooperage and as mine props. It is used to a limited 
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extent for funiiturc, carts, spokes of wheels, shafts, 
ploughs and boxes. It is suitable for telegraph poles, 
leather cutting blocks, boot lasts, match l)oxes and 
splints. It has been used for gun carriages and is suit- 
able for country made guns and rifles. It is recom- 
mended for railway sleepers after suitable treatment. 
It has been used for flood-traps in the Philippines 
(Pearson & Brown, II, 5S9-90 ; Gamble, 374 ; Oastur, 
Useful Plants, 136; Rodger, 128-^29; Trotter, 1944, 
126: Chowdhury, Indian For. lA’afl.y No. 37, 1943, 
17 : Gupta, loc. cit. : lndn.slr\, CaU nlla, 1950, 41 , 
299: Rama Rao, 180; Fox, Pliililyp. J. Sci., i9*;2, 
81,285. 

The leaves of L. sjyixiosa are purgative, de- 
obstruent and diuretic. A decoction of the leaves, also 
of dried fruit, prejtared like tea, is used for diabetes 
mellitus in Philippines. Several parts of the plant con- 
tain an amorphous, slightly bitter insulin-like princi- 
j)le, with a hypoglycemic activity of 440 insulin 
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units/g. when administered orally to rabbits and 
twice that strength when given subcutaneously. The 
maximum concentration of the principles is found in 
mature leaves and fruits in tlie fresh condition ; the 
potency decreases on storing the material. The bark 
is considered stimulant and febrifuge anti a tlecoction 
or infusion is given in abdominal pain and diarrhoea. 
'The roots are considered astringent, sti'mulant and 
febrifuge and seeds are narcotic. Roots, stems and 
leaves contain hydrocyanic acid (Kirt. & Basu, II, 
1081 ; Quisumbing, 641 42 ; Garcia, Philipp. J. Sci., 
1944, 76 , 3; Burkill, II, i3fK>). 

The leaves, fruits and bark contain tannin (12.8 - 
13.3, 14.3-17.3 and loVo respectively). Leaves and fruits 
may be used for the preparation of tannin extract. 
A coarse lihre is obtaiiled from the inner bark. The 
tree exudes a resin (Pilgrim & Pasupati, Indian For,, 
1923, 49 , 158; Quisumbing, 640 ; Cameron, 150). 

LAGGERA Sch.-Bip. ex IhSchst. (iaiwpositav) 

D.F.P., IV, 584; FI. Br. Ind., Ill, 270; Fyson, If, 
IM. 269. 

A small genus of annual or perennial herbs ilisiri- 
buted throughout tropical Africa. Madagascar and 
Asia. l"our species are recorded in Iiulia. 

L. alata Sch.-Bip. ex Oliver is a stout, much- 
branched, leafy perennial, 0.6-1. 8 in. high, with 
sessile, narrowly oblong or oblong-laticeolate leaves 
and minute, purplisii or pink (lowers, found almost 
ihroughtnit India, ascending up to 2,100 m. in the 
hills. Fhe j^lant is usetl in Madagascar as a disinfec- 
tant. Tender leaves appearing after the lirst rains have 
the odour of black currant and are reported to yield 
an ethereal oil (Chains, J. Boniha\ nal. Hist. Sue., 
1939 40, 41 , 849 : Fyson, I. 326 ; (Un ni. Abslr., 1943, 
37 , 6410). 

L. aurila Sch.-Bip. ex C.B. Clarke (Mondaki Soan 
punt) is a slender, viscid ly hirsute or villous herb, 
o. 3-0.9 in. high, with sessile or petioled, oblanceolate, 
deeply Johed or [linnalilid leaves and small, pink or 
purplish (lowers, found in waste places from Punjab 
eastwards to Wist Bengal, Orissa, Andhra, Madras, 
Kerala and Bombay. The plant is strongly scented 
and possesses the odour of turpentine. The leaves are 
reported to be used by Mtindas to stop bleeding from 
cuts (Bressers, 82). 

LALLEMANTIA Fisch. & Mey. (Labiatac) 

A very small genus of annual or biennial herbs 
distributed from India to western Asia. One species 
is recorded in India. 
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L. royleana Bcnth. 

D.K.P., IV, 5S5 ; Kl. Br. Incl., IV, 667 ; Miikcrjec, 
Rcc. hot. Surv. India, 1940, 14 (i), 139 ; Kirt. & Basil, 
PI. 766C. 

An erect, hoary-pubescent or glahrate annual, 
15-45 cm. high, found in the plains and hills of 
Punjab and Kuinaon up to 9tx) m., extending west- 
wards 10 Afghanistan, Persia and Turkestan. Leaves 
ovate or oblong, 2-5 cm. long, obtuse, coarsely 
crenate ; ilowers small, pale lilac, in numerous whorls 
in long ituerrupred spikes ; nutlets 2.5 mm. long, 
narrow I V oblong, black and smooth. 

L. royleana is cultivated for its mucilaginous seeds. 
It re(|uires rich, loamy, well-drained soil and frequent 
irrigation. It responds well to cultivation and is 
grown, to a small extent, in Ropar (Punjab). Seeds 
arc sown in September October at the rate of 3 4 lb. 
per acre and the crop is harvested in April ; a yield 
of 4-5 md. of seeds per acre has been recorded 
(Luthra, Indian Fnig, 1950, 11 , 10; Khan, PakisL /. 
For., 1957, 7 , 319). 

The seeds (Hindi — Gharci kashmalu, Inkhmle- 
ala n fra ; Bomhay Tnkhm-i-halanfrn ; Punjab — 
Tukhm-malanga, gharci kashmalu) arc said to be 
imported from Persia and are available with Indian 
drug sellers. They are also offered as black psyllium 
seed and a substitute for ispaghula (from Plantago 
sp.). When moistened, the seeds become coated with 
a translucent, tasteless mucilage. They arc, however, 
considered dangen)us for internal use as, when 
ingested, the inudiage forms rigid peltate masses 
which by interlocking with intestinal contents tend 
to occlude ihe lumen of the bowel (l)ymock. Warden 
& Hooper, III, 90 ; Luthra, loc. cit. ; Youngken, 81 1 ; 
U.S.D., 1955, 1071). 

The seeds are valued for their cooling, sedative and 
diuretic properties and are used in the preparation of 
l)everagcs. "I’hey arc given internally as soothing drink 
in urinary troidiles. In Persia, they are recommended 
for cough. A poultice of the seeds is applied to 
abscesses, boils and inllammations (Kirt. & Basil, III, 
2006 ; Chojira, 1958, 677 ; Chains, /. Bomhay nat. Hist. 
Soc., 1940 41, 42 , 392 ; Kanny Lall l)ey, 173). 

'rhe seeds yield 10.8% of a light green, semi-drying 
oil with the following characteristics: sp. gr.'‘“\ 
0.9162 ; 1.4212 ; sap. val., 191.20 ; iod. val., 108.5 J 

acid val., 2.07; Hehner val., 89.3; and imsapon. 
matter (sitosterol), 0.28%. The mixed fatty acids 
contain: stearic, 3.2 ; palmitic, 10. i ; oleic, 59.4 ; and 
linolenic, 26.1% (Malavya & Dutt, Froc. Indian Acad. 
Sci., 1941, 14 A, 80). 


Lamb’s Quarters — .sec Chenopodium 
Laminaria — .see Algae 

LAMIUM I jinn. [Lahialac) 

A genus of annual or perennial herbs distributed 
in Europe, North Africa and temperate Asia. Three 
species occur in India. 

L. album Linn. White Deadneitle 

El. Br. Tnd., IV, 679 ; Mukerjee, Rcc. hot. Surv. 
India, 1940, 14 (i), 161. 

An ascending or decumbent, glabrous or hispidly 
hairy perennial herb, 25-50 cm. high, with a creep- 
ing rootstock, found in waste places and along road 
sides in western Himalayas from Kashmir to Kumaon 
at altitudes of 1,500-3,000 m. Leaves ovate-cordatc, 
crenate or serrate ; flowers white or pale pink, in 
axillary whorls ; nutlets c. 4 mm. long, smooth, black 
or dark brown. 

The plant possesses astringent properties and is 
reported to he used in decoction against haemorrh- 
ages of the uterus, nose, etc. It contains mucilage, 
tannin, invert sugar, a glycoside, a sa[K)nin and 
jiotassium salts ; it also yields an essential oil 
(0.0045';,,) containing 4.4% phenol (Steinmet/, II, 
263 ; U.S.D., 1947, 1500; Wehmer, 11 , 1032). 

The r(K>t contains stachyose and an unidentified 
glycoside hydrolysed by cmiilsin. It is considered 
astringent and used as resolvent and vulnerary in 
Spain. The flowers arc sweetish in taste and are used 
as mild astringent, haemostatic, hypnotic and depura- 
tive in bleeding piles ; they arc useful against fluor 
albus, chlorosis and debilities. The flowers contain 
choline, mucilage, quercetin, isoquercitrin, kaemp- 
fcrol and kaempferol 3-glucoside, a catechol tannin 
(5.2 Vo) and volatile oil (0.05 V(.). The leaves are edible ; 
they are a good source of carotene and also contain 
ascorbic acid (Wehmer, II, 1032 : Cains, /. Bomhay 
fiat. Hist. Soc., 1940-41, 42 , 393 ; Stcinmetz, II, 263 ; 
Hocking, 122; Chem. Ahstr., 1959, 53 , 13282; 1954, 
48 , 10138). 

L. amptcxicaulc Linn. (Henbit) is a decumbent, 
much-branched annual herb, 10-30 cm. high, with 
orbicular leaves and purple red flowers, found in 
temperate Himalayas from Kashmir to Kumaon up 
to 3,fK)o m., Sikkim and Aka hills in Assam. The 
plant is considered stimulant, laxative, diaphoretic, 
antirheiimatic and cephalic. It contains carotene and 
ascorbic acid. In Queensland and New South Wales, 
the plant is reported to cause poisoning of cattle 
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(Hocking, 122 ; Jacobs & Burlagc, 113; Chem. Abstr., 
1949, 43 , 3536 ; Forsyth, Bull, Minist. Agric,, f.ond., 
No. 161, iy54» 102 ; Connor, Bull. Dcp, sci, industr. 
Res, N,Z,y No. 99. 1951, 106). 

LAMPRACHAENIUM Bcnth. [Compositac) 

D.K.P., IV. 5H6 : FI. Hr. Tnd., Ill, 22S. 

A inonotypic genus, represented by L, microceph- 
almn, distributed in the Indo-Malayan region. 

L. microcephalum Benth. (Bombay — Bralima- 
dandi) is a herbaceous, erect, inucli-branched annual 
with elliptic leaves, small purple flowers in numerous 
small heads and minute, obovoid achenes, found in 
Deccan, Konkan and Mysore at altitudes of 
1,200-1,500 m. The plant, which has the odour of 
chamomille (Malricaria cliamofnilla Tann.), is used 
as an aromatic hitter. It is said to possess antiseptic 
properties (Kirt. & Basil, II, 1321 : Chopra, 1958, 597). 

Langsat — see Lansium 

Langurs — see Monkeys and Apes 

LANNEA A. Rich (Anacardiaeeue) 

A genus of trees distributed in Africa and South- 
F.ast Asia. One species is found in India. 

L. coromandelica (I lout t.) Merrill syn. L. ffrandis 
Kngl. ; Odinu wodier Roxh. 

D.K.P., V, 445 ; FI. Br. Ind., II, 29 ; Troup, I, 245, 
Fig. 98. 

Hindi — Jhiugau, kaimily moliin ; Benc. — Jiyud, 
jeol, bhadi ; Mar. — A fot, shimti ; Guj. Mavedi; 
'IV.L. Appriyuda ; Tam. — Moodier, kalasan : Kan.— - 
Ajusrin^i, kurati^ey ^(fjut : Mai.. — Odiyu vumim ; 
Okiya— / tidrufuai, moi, 

Nkvm. Halotire, thulo dahdahe ; Ta:P(:iiA — 
paguel-kung ; Ass.\m — Jia ; Rajas hian — Gobi ; 

Andamans — Nauum, uube. 

Trade — Jhin^an, zvodier. 

A moderate-sized to large deciduous tree with 
spreading crown and stout branches, attaining a 
height up to 24 m., found throughout the greater 
part of India and the Andaman Islands, ascending 
to an altitude of i,5fK» m. in the Himalayas. Bark 
grey or whitish, smooth, exfoliating in irregular 
rounded plates ; leaves imparipinnate, 25-45 cm. long, 
crowded at the ends of branches: leaflets 7-9, oblong- 
ovate, 7.5-15 cm. X 2.5-5 * flowers small, yellowish 

or purplish, unisexual : male fascicled, in slender com- 
pound racemes, female in simple pubescent racemes ; 
fruit red, compressed, reniform, i-sccded. ’^fhe tree 


occurs in sub-Himalayan sal [Shorca robust a 
Gaertn. f.) forests and is common in the mixed 
deciduous forests of outer hills and plains, especially 
in dry places. It is often planted in avenues and used 
for hedges and boundaries, but has the disadvantage 
of being leafless during the hot season. 

Jhingan grows on various geological formations, 
including sandstone, limestone, metamorphic rocks, 
traps aiul sometimes laterite. It attains its maximum 
development on well-drained deep alluvial or diluvial 
soil, but avoids swampy and badly drained situations. 
It is a light-demander and drought- and fire-resistant, 
but is susceptible to frost. It coppices and pollards 
well and produces root suckers (Ka<lamhi, hiduin For,, 
1950, 76 , 529; Khan, ibid., 1952, 78 , 311 ; 'Troup, 

1. 245)- 

Natural reproduction by seed is generally adeijuate 
and occurs only on deep soil. Seeds are dispersed by 
birds, which eat the fruits. Artificial reproduction 
may be done by direct sowing or by transplanting 
nursery-raised seedlings or stumps, preferably a year 
old. The seeds, however, do not retain their viability 
for long and the germinating capacity is only c. 43 'A'.. 
The tree may also he propagated by branch cuttings ; 
2-3 year old branches succeed better than older ones. 
Tree stumping in Mysore has proved successful. Data 
relating to rate of growth are scanty : the reported 
average diameters of 10 year oltl and 15 year old trees 
in Madhya Pradesh are re.spectively 25.5 cm. and 
46.25 cm. The rate of growth of coppice shoots is 
reported to be fast. Jhingan is usually treated as an 
accessary species and no specific silvicultural treat- 
ment has been prescribed for it (Kadambi, loc. cit. : 
Khan, loc. cit.: Benthall, 130: I'roup, I, 246; 
Mathauda. Indian For,, 1955, 81 , 617). 

Jhingan is subject to the attack of rust (Phacospora 
odinae Mundkur), brown leaf rust \CcroteUum 
lanneae (V. I loch n.) Arth.] and leaf spot [Meliola 
freniculata Syd. & Butler). Among insect pests, 
botrychid beetle (Heterobostrycins aequalis Waterh.) 
and a few other borers of felled timbers, are known to 
attack green logs and converteil timber. Plocaederus 
obesus Gahan., a cerambycid beetle, also attacks 
felled timber, but not the living tree ; the larva of 
this insect pupates inside the wood in wide galleries, 
sometimes 15 cm. deep from the surface. Pacliydissus 
sp.. Xyleborus parvulus Kichhoff. and Glenea niultb 
guttata Guer. also attack the tree. The grubs of the 
last species feed on the hast (Kadambi, loc. cit. : 
Indian ], agric, Sci„ 1950, 20 , 107: Gamble, 219: 
Srebbing, 295. 336, 378, 594). 
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"I’hc sapwood of jliingan is wliilc to y^'llowish white 
when first exposed, turning ])rownisli grt'y, some- 
times with a purplish east, with age. The heartwood 
is light pinkish red to light red, turning red or 
In-ownish red with age, rather lustrous, straight or 
narrowly interlocked- and close-grained, medium- 
and even-textured, fairly strong, moderately liard and 
light (sp. gr.. c. 0.55 : wt., r. 36 Ih./cu. ft.). Consider- 
able variations in the weight of wood have been 
recorded, probably due to the variations in sapwood 
and heartw’ood (l\\irson & Brown, I, 337-3S : Trotter, 
'944- '30- 

The wood is diflicult and slow' to season. It should 
be converted soon afier felling and sapwood and 
bear! wood should be treated separately. The sapwood 
forms the bulk of the log and it is liable to split and 
discolour : it dries more quickly than the heartwood. 
Sawn stock should he open-stacked under cover and 
ends of boards and scantlings treated with paraflin 
wax. resin or tar and pitch to prevent end-splitting. 
The wood can be kiln-drie<l in S to days ; in addi- 
tion to initial steaming, one interinetliate steaming 
and *)ne steaming tow'ards the end for 2 3 hours at 
55'' ^ loo' n R.H. are necessary. 7^he presence of gum 



FIG. 16 . LANNRA COKOMANOKMCA—I RANSVHHSE SFCTION 
OF WOOD (XIO) 


makes kiln-drying diflicidt (Pearson & Brown, I, 338 ; 
Trotter, 1944, 131 ; Rehman, Induni For. Bull., N.S., 
No. 198, 1956, 2). 

The sapw'ood perishes rapidly in exposed positions 
and is liable to insect attack, particularly if it is not 
well seasoned. It is moderately durable under cover 
and in contact with water. The heartwood is fairly 
durable : it is very refractory to treatment with 
preservatives, the end and side penetrations being 
practically nil. 'I'he limber saws, w'orks and turns 
easily. The grain is often interlocked in broad hands 
and if cut on a tangent, the w'ood has to be carefully 
planed to prevent fibres from picking up. With 
proper care it finishes w'ell and takes a fine polish 
(Pearson & Brown, I, 339; Trotter, 1944, 131-32: 
Purushotham cl ai, hidian For., 1953, 79, 49). 

The data for the comparative suitability of jhingan 
timber, expressed as percent.-Tges of the same proper- 
ties of teak, are: wt., 80: strength as a beam, 55 
stiffness as a beam, 50 : suitability as a post, 50 
shock-resisting ability, 75 : retention of shape, 85 
shear, 80 : and hardness, 70 (Liniaye, hidiau For. 
Rcc., N.S., Thuh. A f cell., 1954, 1, Sheet No. 12). 

jhingan is used locally, over a large part of India, 
for house building, packing cases, furniture, w'heel 
spokes, cattle yokes, oil presses, rice pounders, plough 
shafts, spear shafts, combs, brush hacks, w'ooden jars, 
mine props, cutting blocks, boot lasts, troughs, well 
construction, dug-outs and boats. It is used also for 
carving and turnery. It is suitable for commercial 
plywood and tea chests, slack cooperage, bobl)ins, 
rollers in jute mills, inferior pencils, second (piality 
slate frames, and railway sleepers after treatment. It 
may be used for match slicks, but is rather hard for 
tlie purpose (Pearson & Brown, I, 339-40 : Gamble, 
219; IVotter, 1944, 198, 207: hidiau For., 1952, 78, 
276-78 : Rebinan ^ Isha(|, Indian For. J^cajl., No. 66, 
1945, 7 • Rehman ct al., Indian For., 1954, 80, 626). 

The w'ood is used, in admixture with other woods, 
as fuel (calorific value, 4,933 cal., 8,880 B.t.ii.). 
nestructivc distillation gave the following ])roducts 
(dry basis): charcoal, 35.4 : pyroligneous acid (includ- 
ing acid, 5.72 : esters, 3.93 ; acetone, 2.42 : methanol, 
1.26‘X,), 35.9: tar, 7.8: pitch & losses, 2.2%: and 
gas (at N.T.P.), 1.89 cii. ft./ lb. (Cox, Indian For. 
Bull., No. 43, 1921 : Krishna ^ Ramaswami. hidian 
For. Bull, N.S., No. 79, 1932, 19 ; Kcdarc & 

Tendolkar, J. sci. industr. Res., 1953, 12B, 217). 

The wood has been tried for the production of 
chemical and semi-chemical pulps. Analysis of wood 
gave the following values (dry basis): cellulose, 
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S^-37 J 24.11; pentosans, 15.40; and ash, 

i.6‘X.. Chemical pulp obtained hy the sulphate 
process {22% total alkali in 576 cone. ; cooking temp., 
153® : cooking time, 6 hr. ; yield of bleached pulp, 
46.270) is suitable for the manufacture of writing and 
printing papers. As the fibres are of short length (av. 
1. 01 mm. ; ratio of length to diam., 41. i), the pulp 
should he used in admixture with long fibred pulps 
from bamboo or sahai {Eulaliopsis hinala). Semi- 
chemical pulp suitable for brown wrapping paper 
has been produced hy the neutral sulphite process 
(sodium sulphite, 15-1870 : digestion temp., 170® ; 
digestion ju'iiod, 3 hr. ; yield of pulp, 65 6777). Both 
chemical and semi-chemical pulps are easy to bleach 
and possess satisfactory strength properties (Bhat & 
Cuba, Indian For., 1951, 77 , 56S). 

A mucilaginous gum, known as jhingan gum, 
exudes from wounds and cracks in the bark. It is 
often fouled hy the excreta of a boring insect and 
is also mixed, with tannin which filters from the hark. 
In North India, the gum is tapped from March till 
the beginning of rains hy making shallow' cuts in the 
hark. The yield of gum is c. 10 Ih. per tree during 
the first year of tapping hut decreases to c. 2 Ih. after 

5 years, when trees are given rest. The gum occurs 
in round tears or colourless fissured angular frag* 
ments like gum arahic. Ft is yellowish white when 
fresh, turning brown and ultimately black on drying. 
I'resh gum is soluble in water, forming a rather thin 
mucilage with good adhesive properties : it possesses 
about three-fourths of the viscosity of gum arahic. It 
is used in calico-printing, pa|)er and cloth sizing, 
inferior varnishes and inks, in plastering and white 
washing and for preserving fishing nets. It is also 
used in confectionery : small <iuantitics of the gum 
are reported to he exported from India for this 
purpose (Yates, /IgnV. Ledger, o/m), 169 : Burk ill, 11 , 
1313 ; Kadamhi, loc. cit. : Trotter, 1940, 2S3 : Gamble, 
219 : Howes, 1949, 58). 

The gum can he purified hy precipitation wfith 
alcohol. A fairly white ])roduct (ash content, 2.77.*) 
which does not darken on keeping is obtained. On 
mild hydrolysis, /-arahinosc, d-galaclosc and a com- 
plex monohasit: acid, named jeolic acid, which forms 
a colloidal solution in water, are obtained. Jeolic acid 
has properties similar to those of arahic acid (from 
gum arahic) and appears to exist in the gum as cal- 
cium, magnesium and potassium salts ; on further 
hydrolysis it yields an aldohionic acid (C,aHo„0,,,). 
identified as galactose-galaciuronic acid (Miikherjee 

6 Banerjce, /. Indian clicm. Soc., 1948, 25 , 59, 63 ; 


Mukherjee & Chakravarti, ibid., 1948, 25 , 113; 
Mukherjee, ibid., 1948, 25 , 333 ; 1953, 30 , 201). 

The gum may he used as a flocculating agent for 
the clarification of sugar cane juice : it is comparable 
to the imported synthetic product, Lytron-X 886 in 
clarification efficiency, it aids fast settling of impuri- 
ties and yields a bright and clear juice (Chatterjee 
cV Mukherjee, Proc. Indian Sci. 1957, |>t 

•II, 155). 

'riie hark contains c. 87/, phlohatannin (C,. 11 ,, 0 ,) 
and may he used for tanning and dyeing purposes 
and as a preservative for fishing nets. The hark extract 
dyes cotton, with or without mordant, and imparts 
shades ranging from light brown to black which are 
moderately fast ; dyed samples may he to|)ped w'ith 
basic dyestuffs to give brilliant shades : the shades 
may he modified also hy coupling with dia/oti/ed 
and stabilized salts of the Fast Salt series. The hark 
extract can also he used for textile printing and for 
dyeing silk and wool [Nair & .Punnose, Ball, Rrs. 
Inst., Univ. Travancorc, 1950, I A (i), 87 : Punnose, 
Rep. Dcp. Res., Vniv. Travancorc, i(;39-46, 183]. 

The hark is acrid and astringent : it is used as a 
lotion for bruises, wounds, sores, ulcers and sore eyes. 
'The gum is given in asthma and as a cordial to 
women during lactation. The hark has stimulant pro- 
perties and is reported to he used in gout ; it is used 
in decoction for aphthae of the mouth and toothache. 
Boiled leaves are ap[)lied in sprains and bruises, local 
swellings, pains of body and in elephantiasis. In 
Bengal, the juice of the green branches mixed with 
tamarind is given as an emetic in cases of coma or 
insensibility produced hy opium or other narcotics 
(Kirt. & Basil, T, 665-66; Chopra, ^\\ : Nadkarni, 
I, 868). 

Jhingan is a good fodder tree for cattle, sheep, 
goats and especially elephants. The hark yields a 
strong fibre ([..aurie, Indian For. LcajL. No. 82, ic;45, 
3 : Kadamhi, loc. cit. : Rodger, (^4). 

Lanolin — see Fats and Oils 

LANSIUM Correa (Meliaccac) 

A small genus of trees distributed in India and 
Malaysia. Three species have been recorded in India, 
of which two are w'ild ; the third is a Malayan species 
cultivated for its edible fruit. 

L. anamallayanum Bedel. 

FI. Br. Ind., I, 558 ; Talbot, I, 237, Fig. 140. 

T.\m. — Sandana virai ; Kax. — Chi^adwari ; Mat,. - 
Vandakamin. 
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Kkkai.a — Thevathali, 

A handsome, dark leaved, mcdiiinvsi/cd tree, 
c. 15 m. high, found in tlie forests of western ghats 
in Kanara, Wvnaad, Anaimalai hills, Travancore 
and I’innevelly at elevations of 45o--9(X) m. Leaves 
15 23 em. long, pinnately compound with 3-5 alter- 
nate leaflets ; flowers yellowish white, polygamo- 
dioecious, in spikes or panicles ; fruits 1-5 celled, 
ohlong, as big as large grapes ; seeds one or two 
enclosed in a juicy pulp. 

'riie tree is fouiul growing gregariously in isolated 
patclies in evergreen forests, particularly at altitudes 
of c. 600 m. It flowers during March-May and fruits, 
which arc said to be edible, ripen during the rainy 
season. The wood (wt.. 62 Ih./cu. ft.) is hard, sweet 
scented, insect resistant, pale yellowish white or pink 
and close-grained ; medullary rays very fine and 
numerous giving a satiny silver grain on a radial 
section, ft is not much used because it is available 
only in small sizes (Bourdillon, 76 77 ; Talbot, I. 
237 : Gamble. i 5 ‘>)- 45/307 

The wood on steam -distillation yields 2. 1-2.2% of 
a colourless or [)alc yellow essential oil which, on 
standing and e\])osure to light, turns deep yellow, 
and viscous. The oil has a pungent hitter taste and a 
characteristic woody odour, suggestive of sandal 
wood oil, but more resinous and harsh. It has the 
following constants: sp. gr.^'‘“, (>.8(^78 ; , 1.4950; 

|ii%, - 128” : acid val., nil : ester val., nil ; acet. val., 

8 ; sohdiility in 95% alcohol, i in 4 vol. The oil 
contains bisaholene and »-chigadmarene (C.JL,, 
h.p. 1 17-18^/9 mm.) as the chief constituents (Jois 
et al., f. Mysore Univ., 1(^41, IB, 17 1 ; Rao ct aL, 
J. Indian clinn. Soc., 1952, 29 , 604, 620). 

L. domesticum Correa Lano.sat, DtiKiT 

FI. Hr. Ind., I, 558 ; Brown, 1941, II, Fig. 135. 

A rather slender, hut fairly tall, tree with fluted 
trunk, cultivated in Kallar and Burliar Fruit Stations 
in Nilgiris and in a few other places in South India. 
Leaves pinnately compound, 23-45 with 

alternate leaflets ; flowers yellow, solitary and in 
clusters borne on hairy spikes springing from trunk 
or old branches ; fruits 2.5-5 diam., round or 

ohlong, densely pid)escem ; seeds 1-5, often only one, 
surrounded by a sweet, white, translucent and juicy 
pulp. 

The plant is a native of Malaysia where its fruits 
arc esteemed as dessert. They resemble loqiiat to 
.some extent and occur in bunches like grapes. They 
have a pubescent and aromatic skin, which does not 
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FIG. 17. LANSIUM DOMESTiaiM— FRUITING BRANCH 

adhere to the inner pidp, the latter separating into 
five or less distinct segments, as in an orange. I'wo 
varieties are under cultivation: var. domesticum 
(I)uku) bearing ohlong ovoid or ellipsoid fruits with 
thin pericarp and little milky juice, and var. 
pubcscens (Lang.sat) yielding sub-glohose fruits with 
thick pericarp and much milky juice. Good types 
among both, jiarticularly the smaller seedless types 
which arc sweetish, arc valued for edible purposes 
(Burkill, II, 1314 : Bailey, 1947, * Och.se. 62 ; 

Corner, I, 463 : Popenoe, 428). 

The plant can be grown in any soil but it is not 
economical to grow them in areas with a prolonged 
dry season. It is commonly propagated by seeds 
which arc sown soon after they arc removed from 
the fruit. Trees grown from seeds come to bearing 
in c. 15 years. Propagation by cleft and side graft- 
ing is recommended for choice forms ; marcottage 
is said to be difficult. Budding on stocks of I^uku 
itself has given satisfactory results. A spacing of 
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8-10 m. between plants is allowed while planting in 
the field. The fruits arc liarvested from April to 
September and an average annual yield of 30 lb. of 
fruits per tree has been reported from Nilgiris 
(Popenoe, 428 ; Ochse, 62 ; Corner, I, 463 ; Naik, 
407). 

The edible pulp constitutes c. 6&;{, ol the Iniit (wt... 
15-25 g.). It has a delicious, sub-acid taste and may 
be preserved in syrup or candied. Analysis of edible 
portion gave the following values: moisture, 86.5; 
protein, 0.8; ether exir., 0.3; carhohydrates, 9.5; 
fibre, 2.3; ancl mineral matter, o.6V<,: calcium, 
20.0 mg. ; phosphorus, 30.0 mg. : iron, 0.5 mg. ; 
carotene (as vitamin A), 13.0 i.u. ; thiamine, 89 /Ag. ; 
riboflavin, 124 /ig. ; and ascorbic acid, i.o mg./ 100 g. ; 
niacin was absent. The presence of pliytin (1.1%, dry 
basis) has been reported (Thorpe, VII, 177 ; Qiii- 
sumbing, 480 ; Relavady & Balasubramanian, huluin 
J. u^ric. Sd., 1959. 29 , 15 1). 

Langsat fruits do not keep well. C.old storage 
studies have shown that they can he preserved in 
good condition for about two weeks at 52-55'^T., 
relative humidity, 85 90 Vo. Total soluble solids and 
reducing sugars increase during storage, while acidity 
increases up to seven days and thereafter decreases 
(Srivastava & Mathur, /. Sci. Fd /Igr/c., 1955, 
5 «i)- 

The peel of the fruit is lltiii but tough, and it 
exudes a large amount of sticky latex. The stickiness 
can be avoided by dipping the fruit in boiling water 
before eating. The peel emits an aromatic odour, like 
incense when burnt and it is used in Java as a mos- 
(|uito repellent. Fresh peel yields 0.2 'V, of a pale 
yellow volatile oil (sp. gr.*’’’", 0.8819; , t*5*55)' 

a brown resin (3.5V0) and some reducing acids. 
Dried peel yields a dark coloured, semi-licpiid oleo- 
resin containing 0.17 Vo volatile oil and 22';.. resin. 
The resin is non-toxic and useful in diarrhoea and 
intestinal spasms (Brown, 1941, II, 268; Quisumb- 
ing, 480-82 ; Clu'iii. Ahstr., 1932, 26 , 806; 1940, 
34 , 7(x)7). 

The seeds are bitter. 'I'hey contain traces of an 
alkaloid, an alcohol-soluble resin (yield, iV-'. : acid val., 
64.2 ; sap. val., 267), and two slightly toxic, bitter, sub- 
stances. lliey arc used as vermifuge and febrifuge 
(Burkill, II, 1315 ; Wehmer, II, 662 ; Thorpe, VII, 

•77)- 

The wood (wt., 52.3 Ib./cti. ft.) is light coloured, not 
very hard but durable, tough and clastic. It is u.sed 
in Java for tool handles and house posts. It is also 
used for rafters. The bark is astringent and used in 


decoction for dysentery (Desch, 1954, II, 354 ; Burkill, 

IJ. •3'5)- 


LANTANA Linn. {I'crhcitaceac) 

A genus of herbs, undershrubs or shrubs, distri- 
buted mostly in tropical and sub-troj)ical America ; a 
few species have been recorded in the tropics of the 
Old WorUl. Seven or eight species occur in India. 

L. camara Linn. 

Bailey, 1949. 842. 

A hairy, unarmed or slightly prickly shrub, 0.3- 
1.8 m. or more in height, native of tropical America 
and cultivated as an ornamenial or hedge plant. 
Leaves opposite, ovate or oblong-ovate, crenate- 
dcniale, rather thick, rugose, scabrous above, pubes- 
cent beneath ; flowers small, usually yellow or orange 
changing to red or scarlet, in dense axillary heads ; 
fruit drupaceous, 5 mm. diam., greenish black. 

Numerous varieties and types of L. camara are 
met with ; some of them arc polyploids. The varieties 
and types are so intermixed that it is diflicult to 
diflerentiate between them morphologically. Most of 
them have recurved prickles on the stem, but under 
cultivation they become less prickly or even un- 
armed. less vigorous in growth, and they set seed less 
freely. Dwarf types have been developed for growing 
in borders and hanging baskets. 

Of the many known varieties of L. cauiara, three 
have been reported from India, vi/. var. aculcata 
Moldeiike, var. mista Bailey and var. ttivea Bailey. 
Among them L. camara var. aculcata is the most 
common. The occurrence of L. camara proper in 
India is doubtful (Bailey. 1947. II. 1819; Sen & 
Salmi, .SVz. & Cult., 1954 55. 20 , 558 ; Natarajan & 
Abuja, 7. Indian hot. Sue., 1957. 36 , 35 ; Moldenke, 

•63)- 


var. aculeata Mohlenke syn. L. aculcata 

Linn. : L. camara auct., non Linn. Laniana, 
Wii.o Saok 

D.E.P., IV, 586; FI. Br. bid., IV, 562. 

M.\h. —(Uiaduranfr, ^liancri ; Tkl. Fulikamlm ; 
Tam. Unnichedi ; Kan. — Nata hu gida, licsikc, 
kakkc ; Mal. -/In/)/)//. 

Madhya J’kadesh — Rai mitniya. 

A low, erect or sub-scandent shrub, 1.2- 2.4 m. high, 
with stout recurved prickles and a strong odour of 
black currants, introduced into India as an orna- 
mental and hedge plant, now completely naturali/ed 
and found throughout India. Leaves opposite, ovale 
or ovate-oblong, acute or subacute, crenatc-scrratc. 
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MG. 18. LANTANA CAMARA VAR. AQiLEATA-FLOWERlNG AND 
FRUITING BRANCHES 


rugose ;il)()ve, .scahrid on both sides : (lowers small, in 
axillary beads, usually orange, somefimes varying 
from white to red : fruit drupaceous, small, greenish 
blue black or blackish, shining, with two nutlets. 

Lamana grows under varying conditions of climate 
and soil ; it thrives in moist areas of high rainfall 
exceeding 200 in. and also in comparatively dry loca 
lilies with 30 in. rainfall per annum. Ft gri)ws in rich 
as well as poor soils, including gravel and laterite, 
and ill low lying areas and on liills up to i,8(X) in. It is 
drought-resistant, light-loving and tolerates moderate 
shade. It propagates readily from stumps or cuttings 
and from seeds which arc disseminated by birds 
through droppings. It is of vigorous growth and re- 
(juires to he cut down or trimmed to keep it within 
limits. It regenerates quickly after cutting, trampling 
or burning and forms a dense impenetrable thicket. 
It blossoms and hears fruits almost throughout the 


year (Troup, II, 781-82 ; Iyengar, Curr. Sd., 1932-33. 

I, 266). 

Due to its prolilic growth and wide adaptability, 
lantana has overrun large areas in India and has deve- 
loped into a serious pest. Infested areas include culti- 
vable and waste lands, forest areas, grazing and 
pasture lands and some plantations. The areas worst 
affected are parts of Deccan and portions of Coorg, 
Wyiiaad. Nilgiris and lower hills of western ghats ; 
it has also invaded parts of Uttar Pradesh (lyluibar 
tract around Ilaldwani and outskirts of Dehra Dun), 
Cliota Nagpur (Bihar) and the neighbourhood of 
Shillong (Assam) ( 1 'roup, II, 780, 782 ; Iyengar, loc. 
cit. ; Mudaliar & Rao, 327). 

Lantana is a source of fire ha/anl in deciduous 
forests. Because of its ability to burn even when green, 
il causes serious destruction of forest crojis. In Java, 
lantana tindergrowtli in teak plantations lias affected 
the growth of teak plants, reducing the basal area 
increment by 33‘;«- In some areas, lantana harbours 
injurious insect pests, including malarial m()s(piit<)es 
(Troup, II, 781-182 : Trevor & Cliampion, 217 ; 
Venkataramany, Indian For., 1956, 82 , 225 ; Iyengar, 
loc. cit.). 

("omplete eradication of lantana over large areas 
is dillictilt and costly. Various methods, mechanical, 
cultural, chemical and biological, have been tried to 
check the spread of lantana. 

Control measures by mechanical means include 
stumping of plants in February or March iij) to a 
lieigbt of I ft. above the ground and burning the 
cuttings ; the stumps left behind are pulled out in 
the rainy season when the ground is soft. Frecpient 
ii|)rooting of regrowth, which appear after the first 
cutting, for 2-4 years is essential to keep the pest 
under control. Another niefhod suggested is to cut 
the branches and heap the debris around the roots 
to prevent regeneration of new shoots ; the debris is 
then burnt followed by digging up of the root system 
and burning. 

Cultural control has been attempted by planting 
Ricinns coinninnis Ijnn. or Ficus clastica. In 
Indonesia, planting of Lcncacfia ^lanca Bentb. has 
been tried, while in Ceylon, Tithonia divrrsi folia A. 
(iray is reported to have given good results (Troup, 

II, 781, 783 ; Iyengar, loc. cit. ; Prasad, Indian For., 
1949, 75 , 94 ; Walandouw, /. sci. Res. Indonesia, 1952, 
1 , 205 ; Petch, /. Indian hoi. Soe., 1921, 2 , 302). 

Control of lantana by the use of cliemicals has 
given useful results. One of the methods tried con- 
sists in cutting the plants close to the ground and 
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painting cut ends with sodium atsenatc ; the treat- 
ment is effective hut is not recommended as it in- 
volves the hazard of poisoning livestock which may 
stray into the treated area. In recent years various 
lierhicides have been applied and successful control 
lias been achieved. Painting of cut ends with 2,4-D 
solution (loVv)) gives cilective control. Trials carried 
out at the Agricultural Research Station, Ambala- 
vayal and the Fruit Research Station, Kallar (Madras 
State) have shown that shrubs cut to a height of 2 ft. 
from the ground and sprayed with 2,4,5-'!' (20 lb. in 
a spray volume of 150 gal. /acre), using 'rcej)ol as 
wetting agent, withered in 15 days. Spraying trials at 
the Forest Research Institute, Dehra Dun, show that 
Y.F. 2717-2,4,5-'!", /t-hufyl ester is effective even when 
the plants are not cut back. Formulations containing 
2,4,5-'!" alone or in combination with 2.4-I) arc more 
effective than 2,4-!) alone, especially in large bushes. 
Regrowth, after cutting hack, can be completely con- 
trolled by spraying with Dicotox, Esteron 44 (active 
princijile, 2.4-I) ester), MCPA and Fernoxone [Kumar 
& Solomon, Poona at^ric. Coll. Majr., 1952-55, 43, 61 : 
Narayanan & '!"hyagarajan, Indian Fnif^, N.S., 1958 - 
59, 8 ( 1 ), 14; Kadamhi & Dahral, Indian For., 1954, 
80 , 574 ; ilort. Ahstr., 1951, 21, 62 : For. Res. India, 
1950-51, pt ! 1 , 74: Field Crop Ahstr., 1952, 5 , 253; 
Indian liort. Ahstr., uji)’], 7(i), 23 1. 

IViological control of lantana by insects is reported 
to have met with some success in Hawaii and Fiji 
islands ; lantana bug [Ortliezia insi^nis Dough), 
lantana seed ffy \()pliioiti\ia (Ai^roni\za) lantanae 
l"rog.| and lantana lace bug (Feleoncniia sernpulosa 
Stal) feed on stems, leaves, flowers and seeds and pre- 
vent the spread of the plant. The introduction of 
foreign insects into India for lantana control has heen 
attempted, hut it has not been pursued pending fur- 
ther knowledge on the effect of the im roil net ion on 
other plants (Thistle. World Crops, 1957, 9, 447 : 
With India— Raw Materials, V, 224 : Troup, 11 , 781 ; 
Puttarudriah, M\sore a^ric. 1954, 30 , 70). 

Although lantana is a serious pest, it may prove 
beneficial under certain conditions in forests. It im- 
proves the fertility of exhau.sted areas, and rocky, 
gravel or hard laterite soils. It enriches the soil and 
serves to retain humus in deforested areas and checks 
soil erosion. It is a nurse plant for sandalwood seed- 
lings, though the latter do not survive under a dense 
growth of lantana ; its u.sc as nur.se plant is not recom- 
mended as it is hclieved to have connection with the 
spike disease of sandal, though no definite evidence 
has been protluced to incriminate lantana with the 


incidence or spread of the disease (Sampson, Keiv 
Bull. Add I Ser., XII, 1936, 102 ; 'Froup, II, 782 ; 111 , 
8(kj, 812: C'ameron, 214; Walandouw, loc. cit. ; 
'I'albot, II, 345). 

The leaves and twigs of lantana are occasionally 
used as green manure in forest areas and for paddy 
crops in Mysore: they can al.so be composted along 
with other materials. Analysis of green material gave 
the following values: nitrogen, 0.88 ; phosphorus 
(PX).), 0.15 ; potassium (KoO), 0.90 : and calcium 
(C"aO), 0.61%. Lantana ash (ash content, io.29Vm) is 
rich in .soluble potassium .salts and u.seful for manur- 
ing coconut trees: it is also rich in mangane.se (0.3- 
0.4%) (Yegna Narayan Aiyer, 21 : Iyengar, Mysore 
ai^rie. ]., 1956, 31, 5 : Pillai et al., Agrie. J. India, 1930, 
25 , 143 : For. Res. India, 1949 50, pt 11 , 53 : Mata 
Prasad Dange, Indian For. Lea/l., No. 95, 1947, 4, 
18 : Nigam ei al.. Res. c- Ind., 1957, 2 , 194). 

Lantan.'i leaves have heen trie<l as a substitute for 
tea : fermented leaves possess a mild odour, which is 
not unplea.sant, and yield an inferior beverage. The 
leaves contain a powerful oxitlase : they also contain 
catalase, amylase, invertase, lipa.se, tannase(?) and 
glucosidase. Appreciable amounts of tannins and 
sugar, and a resin occur in leaves : a crystalline gluco- 
side (probably Ca-H,./),) has been separated from the 
resin by ether extraction (Behrain. /. Indian Inst. Sci., 
1918-20, 2, 195). 

The leaves yield (0.2”..), on steam-distillation, a 
yellow or greenish yellow oil with a pleasant and 
lasting odour remini.scent of sage [Salvia officinalis 
Linn.). 'l"he constants of the oil are as follows: 
.sp. gr. ,‘"\ 0.8S42 : n. 1.4899 ; jrij;’” , -{ 14.7 ’ : acid val., 

I. 6 ; .sap. val., 4.6 (after acetylation, 23.4) : sol. in 
5 vol. or more of 97",, alcohol. On standing, the oil 
becomes vi.scid and in.soluble in alcohol. 'Llie prin- 
cipal constituents of the oil are a scs(|iiiterj)ene (80';,,), 
probably caryophyllene, and /-M-phellandrene (10- 
i2'\,): small amounts of aldehydes (2.4^,’n) and 
alcohols are present. 'J"he leaf oil is not of any direct 
value in perfumery. It is u.setl in the treatment of 
itches of skin and may also be useful as an anti.se])tic 
for wounds (Iyengar, Curr. Sci., 1932-33, 1 , 266 : 
Sayeeduddin Salam, ibid., 1932-33, 1, 330 ; Kanga, 

J. Indian Inst. Sci., 1914-18, I, 93 : Moudgill & 
Vridhachalam, Perfum. essent. Oil Rec., 1922, 13, 

* 7 . 0 - 

The leaves contain a toxic principle lantadene A 
(angeloyloxy-oleanonic acid. C,.,I I.^f)., m.p. 282-86") 
which causes acute pholo.sen.siti/ation and severe 
icterus in sheep. It al.so contains a triterpenoid. 
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lantadcnc B (diniclliylacryloyloxy-olcanonic add, 
ni.p. 293 94^' dccomp.) winch is inactive, 
and a steroid, lancainarone (C2sil,„0,. in.p. 280® 
decoinp.) which is a lish poison (up to i:i,ckk),ooo 
dilution) and is cardioactive, 'rhe liark of stems and 
roots contain a (luininc-likc alkaloid, lantanine, with 
strottg antipyretic and anlispasinodic properties. Acid 
extracts of the shoot show antihacterial activity 
against EschcricJiui roli ; aceiated buffer extracts are 
active against Micrococcus pyogenes var. aureus 
[Cticm. Abstr,, 1944, 38 , 6297 * 42 , 9086 ; Barton 

cl al„ j. clirni. Soc., 1954, 3989; 1956, 4160; Nigam 
(■/ a/., /. .s( /. iudustr. Res., 1957, 16 B, 514 : van Steenis- 
Kriiseinan, Ihtll. Org. sci. Res. Indonesia, No. 18, 
19s: ^ 49 : Dal/iel, 45^ : Joshi ik Magar, /. sci. industr. 
Res., 1952, IIB, 26i). 

The (lowers yield 0.07% of a volatile oil similar to 
that of leaf oil; the characteristics of the oil are: 
sp. gr.-“ , 0.915 : 1.4987 : |,.|„^ , +25.9“ ; sap. 

val., 10 : and acet. val., 43.6. The (lowers contain 
aiithocyanins, a yellow flavone, a pink pigment and 
carotene (Kanga, loc. cit. ; Sathe 6l Stihrahmanyan, 
Proc. Indian Sci. Congr., ujzij, 241 : Pillai ef al.^ loc. 
cit. ; Lai, Proc. nai. Acad. Sci. India, *93^^* *28). 

The seeds contain a fixed oil (9%) with the follow- 
ing characteristics: sp. gr. , 0.9788; 1.3508: 

acid val., 22.16 : sap. val., 192.6 : iod. val., 108.5 * 
iinsapon, matter, 3.5'V.. The component fatty acids 
are linolenic, linoleic, oleic, stearic and palmitic 
(Nigam Kaul, /. sci. industr. Res., 1958, 17 B, 472). 

The plant is not relished by cattle hut is reported 
to he browsed when pasturage is scarce. It is, however, 
considered poisonous : cattle fed on leaves (12-16 o/.) 
developed symptoms of severe jaundice, exfoliation 
of skin near mu//lc, profuse salivation, severe derma- 
titis and (opious lachrymation ; the animals lost 
appetite and a|)peared dull. Post-mortem disck»sed 
profuse colouration of abdominal organs with bile 
pigments; the liver was congested and considerably 
enlarged (C'hopra et ai, 47 ; Annu. Rep. Indian vet. 
Res. Inst., 1950 51, 46). 

The fruits of the plant are edible. Stems arc used 
as tooth brush and leaves for polishing wood. Tn 
Guiana and Reunion, the plant is considered vul- 
nerary, diaphoretic, carminative and antispasmodic. 
It is useful for listulie, pustules and tumours. A decoc- 
tion of the plant is given in tetanus, rheumatism, 
malaria and atoxy of abdominal viscera. In Philip- 
pines, a decoction of fresh roots is used as gargle for 
toothache. JV)unded leaves are applied to cuts, ulcers 
and swellings ; a decoction of leaves and fruits is used 
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as a lotion for wounds. An infusion of leaves is taken 
internally for bilious fevers and catarrhal affections : 
externally it is used in the form of lotion or fomen- 
tation against eczema eruptions and rheumatism. An 
infusion of flowers is given as pectoral for children 
|Burkill, II, 1317; Dalzicl, 455: Kirt. Basu, III, 
1 91 4- 15 ; /. sci. Res. Indonesia, 1952, I (suppl.), 29 ; 
Quisumhing, 796-97). 

The stalks have been tried as a raw material for 
paper pulp. Analysis of stalks gave the following 
values (dry basis); furfuroids, 21.6; lignin, 14.0; 
(i-cellulose, 30.6 ; and ash, 3.50'*.,. Digestion with lime 
and kollerganging yielded 63.7';,, of pulp suitable for 
wrapping paper and straw hoard. Pulp suitable for 
wu'iting and printing paper is obtained by sulphate 
proccvss (yield : unbleached pulp, 38.0‘V, : bleached 
pulp, 34.4%) {For. Res. India, 1954 55, pt I, 104, 106, 
108 : Pillai et al., loc. cit.). 

L. indica Roxh. is often grown in gardens. The ash 
of the plant is a fair source of potassium (i. 1-1.8",,) 
and phosphorus (i.6-2.2VV.). The plant is also report- 
ed to contain a hydrocarbon (m.p. 78"). The leaves of 
L. rugosa 'rhunh. syn, L. salvifolia Jac(|. are said to 
he used in parts of Africa for flavouring food and 
milk. I'hey are also considered medicinal (P'or. Res. 
India, 1951 52, j)t II, 159: Nigam et al., ]. sci. 
industr. Res., 1957, 5*4' Lnl/iel, 455: Watt 

Breyer-Brandwijk, 154). 

LAPORTEA Gaudich. (Urticaceae) 

A genus of perennial herbs, shrubs or small trees, 
often with stinging hairs, found mostly in the tro- 
pics ; a few extra-tropical species are met with in 
North America. Five s|)ecies occur in India. 

L. creniilata Gaudich. syn. L. stimulus Mi(|. Dkvil 
Nki ji.E, Fevkk NErri.E 

D.K.P., IV, 587 ; II, 567 ; (^P., 162, 924 ; FI. Br. 
Ind., V, 550 ; Kirt. & Basti, PI. 908. 

Hindi — IJiigun ; Benc;. — Cliorpata ; 'Fam. — Otta- 
pilavu ; Mae. — Anachoriyati. 

Assam -Torasli, sorot-gacli : Lusiiai -Tlilak^pui ; 
(L\ko — Gilmat’jakma ; Lepcha — ()ng\alop ; Nepal — 
Moringc. 

A large stotit shrub or small tree. 3-4 m. high, 
found growing gregariously in evergreen forests in 
tropical Himalayas from Nepal eastwards, Bihar, 
Chota Nagpur, N. Bengal, plains and hills of Assam, 
Rampa hills in N. Circars, Anaimalai hills and 
western ghats in Kerala at altitudes of 300-1,500 m. 
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Bark white, smooth, thin : leaves oval to oblong or 
ohiong-lanccolatc : flowers minute, greenish, dioe- 
cious, in axillary cymes : achenes small, ohlujuely 
ovoid, black, shining. 

I’hc whole plant is clothed with small highly irri- 
tant hairs, the sting of which causes dermatitis and 
acute burning pain in the body. The effect lasts for 
several days and is aggravated when water is applied 
to the affected stung. The sting is particularly power- 
ful during the flowering season when it produces vio- 
lent sneezing, sleeplessness and fever (Chopra, 1958, 

The stem hark yields a strong fibre (cellulose con- 
lent, 53.4% : length of ultimate cell, 8-16 mm.) used 
by the hill tribes of A.ssain for cordage and for 
making coarse ( loth. It is inferior to rhea (Bocinnrritj 
nivcii) and is not of any commercial importance 
because of the presence of stinging hairs which render 
fibre extraction didiculr. Flowers are reported to he 
used in curries in N. Lakhimpur (Assam). The wood 
is used as fuel [Carter & Charter, Rrc. hot. Surv. India, 
6(9). 367 ; Burkill, II, I3i8|. 

'fhe juice of the root is rejiorted to he used in 
chronic fevers in N. Lakhimpur. Roots and leaves are 
applied to swellings and blind abscesses. The seeds 
are used medicinally in the same way as coriander 
(Kirr. iV Basil, 111 . 23*13 ; Leaner & Carter, loc, cit. ; 
Burkill, rr, 131S). 

L. tcnninalis Wight (Nv.vw. -Patlc sisnti) is an 
erect herb, 0.6 1.2 m. high, with orbicular to ohlong- 
ovate or lanceolate leaves, found in suh-tropical 
I liinalayas from Kumaon eastwards, N. Bengal, Naga 
and Aka hills in Assam, Nilgiri and Paint hills and 
Kerala, at altitudes of 1, 200-2, 7 (k^ m. Young shoots 
are eaten after boiling. The stinging hairs cause der- 
matitis (Chowan & Cowan, 128 : (Chopra, 1958, 559). 

Larch — sre Larix 

Lard — scr Fats and Oils 

LARIX Mill. (Pinaccac) 

n.F.P., fV. 588 ; FI. Br. hid., V, 655. 

A stnall genus of trees found in the colder regions 
of the northern hemisphere. One species occurs in 
India. 

L. f^riffitliiana Carr. syn. L. grifjUhn Hook. f. & 
Thoms. (Himalayan Larch, Sikkim Larch: Nepal — 
Boarfrasclla, hinyi ; I^epcha — .SV//i, saar) is a deciduous, 
monoecious pyramidal tree, usually up to 18 m. in 
height, found in the Himalayas from eastern Nepal 


to Bhutan at altitudes of 2,400-3,600 m. Bark thick, 
brown ; branches spreading and pendulous : leaves 
light green, linear, spirally arranged on long shoots 
and in fascicles on dwarf shoots : male flower 
c. i.o cm. long, female llower ovoid : cone violet 
purple during growth, becoming cylindrical, 5-10 cm. 
long : seeds oblong, winged. 

The tree occurs either in jiiirc forests or more often 
mixed with other conifers. It inhabits deep valleys, 
hut prefers dry rocky ancient moraines and grassy 
slopes where clrainage is good. The growth is slow 
(mean annual girth increment, 0.29 in.). The wood 
(wt., 32 II). /cu. ft.) is durable. It splits well and is re- 
ported to be suitable for cheap grade pencils 
(l)alliinore ^ Jack.son, 358-39; IVoup, III, 1157: 
Gamble. 721 : Rehman cV lsha(|, India}! Far. LcalL, 
No. 66, 1945, 7). 

Larkspur — .sec Delphinium 

LASIA I .our. (Araccac) 

A very small genus of perennial herbs distributed 
in the Indo-Maiayan region. One species occurs in 
India. 

L. spinosa Thw. syn. L. hvtcrophylla Schott 

D.F.P.. IV, 589: FI. Br. Ind., VI, 550: Kirt. 
Basil, PI. i(K)7. 

Bkno. — Kanta karlin ,* 'rEi.. — Mnlasari, kanta 

kacharamn. 

Santal — Kanta saru ; Mcndaki — Jannm sarn. 

A stout prickly herb. 60 cm. high, with thick creep- 
ing rhi/.ome, found along marshy places, muddy 
streams and swampy ground in tropical Sikkim 
Himalayas, Assam, West Bengal, Bibar. Orissa and 
southwards to C’eyloii. Leaves long-|)etioled, 15-45 cm. 
long, hastate, sagittate or pinnatifid : spadix short, 
cylindrical, claret-coloured, den.sely packed with pink 
flowers ; fruit an oblong or capitate syncarp of obpy- 
ramidal, 6-sided, muricate berries : seeds compressed, 
rugose. 

All parts of the plant, particularly tender leaves, 
are used as vegetables with boiled rice. The fruit, 
though fihrou.s, is eaten (van Biiuren, Trap, Agricul- 
turist, 1917, 49 , 261 : Burkill, II, 1319). 

4 ’be plant is recommended for colic, rheumatism 
and intestinal diseases. Rootstock and fruits are used 
for affections of the throat. 'Fhe juice of the rootstock 
is given as a remedy for piles in Ceylon. Leaves are 
u.sed for stomach ache and other pains. The petioles 
are ground and given to cattle in throat complaints. 
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1'he spadix is reported to contain hycirocyanic acid 
|/. sci. Res. Indonesia, 1952. t (siippl.). 19: Kirt. & 
Basil, IV, 2624 : Haines, V, H60 ; van Biiuren, loc. cil. ; 
Biirkill, If. 1319: Wchmer, I, 136]. 

L ASIOSIPHON K resen . (T hy melaeaeeae) 

A genus of shrubs or small trees distributed chiefly 
in tropical Africa and a few in MadagasScar, India 
and Ccvlon. One species occurs in India. 

L. eriocephalus Decne. 

D.K.R. IV, 5S9: C.P., 546: FI. Br. fnd., V, 197; 
Fyson. II, PI. 441. 

M.\k. — Ramita, rarnetta, rami ; Tam. — Nachinaar ; 
Kan. Enujariga, niuknte : Mal. — Nangu, nanea. 

A small tree or much-branched shrub, 1.8 3.0 m. 
high, found in open forests on the hills of Deccan and 
western ghats from Konkaii southwards to Kerala. 
Nilgiri, Paini and Tinnevelly hills ascending to alti- 
tudes of 1,200 2.100 m. Bark grey, rather smooth, 
inner hark fibrous ; leaves suhsessile, ohlong-lanceo- 
late, acute : flowers small, yellow, in dense terminal 
globose heads : fruit ellipsoid-oblong, i. 0-1.3 
pointed, cnclo.sed in perianth. 

The stem hark is used by hill tribes for lying 
bundles. It yields a fibre and has been tried as a raw 
material for paper inanufaclurc. Digestion in a kier 
(pressure. 25 Ih./s(|. in. ; eooking [)eri()d, 2.5 hr. ; 
alkali cone., 10.9^',,: hath ratio, 1:30) gave a pnip 
containing 7h.3'’n a-cellulosc and 5.1% ash in 37''.', 
yields : the whiteness of the pulp was 77.6%. Fine 
bleached paper has been produced from the pulp on 
a cottage scale (Cooke, II, 542 : Ahmad Karnik, 
/. sei. indnstr. Res., 1943-44, 2 , 275 ; Condhalekar, 
Poona agrie. Coll. Mag., 1952-53, 43 , 15). 

The hark and leaves of the plant are acrid and 
poisonous. I’hey are used as fish poison : the fishes do 
not die hut float along the stream in a stunned condi- 
tion, The hark contains a vesicant resin. The plant 
causes dermatitis and its leaves arc applied to swell- 
ings and contusions |Santapau, Ree. hoi. Sure. India, 
* 953 ' ^^( 0 * -h* • Dymock, Warden (S: Hooper, III, 
225 26 ; Cho|)ra el al., 40. 47. 60: Kirt. & Basil, III, 
2170I. 

LASIURUS Boiss. [Cramineae) 

D.E.R, III, 242 ; FJ. Br. Ind., VII. 161 : Blatter ^ 
McCann, 36. PI. 25. 

A small genus of perennial grasses found in the 
tropics and subtropics, of which one species. L. 
hirsntns (Forsk.) Boiss. syn. EAionttrns hirsnlus Mimro 


ex Bcnth. (Punjab — Sin, sewan, shcivar ; Rajasthan 

-Shimvan, sizcan, gazean), occurs in the sandy areas 
of Punjab and Rajasthan. Stem 30-60 cm. high, 
asceniling from a branching, stout and rigid hase : 
leaves narrow, finely acuminate, coriaceous, with 
white sheaths ,* spike solitary, stout, 5-10 cm. long, 
silvery silky. 

'Fhe grass is nutritious and affords good grazing 
when young ; it keeps well for ten years when stack- 
ed. Mature grass is coarse and thick and used for 
thatching purposes, ft is used as fodder for elephants, 
camels, cattle and sheep. The seeds are used as food 
in admixture with hajra. I’he roots yield a fibre used 
for weavers* brushes (Dal/iel, 530). 

LATANIA Comm. (Pahnae) 

Blatter. 167, PI. XXXVI. 

A very small genus of tall, fan-leaved palms, native 
of Madagascar and Mauritius Islands. Two or three 
species are grown iit Indian gardens as ornaments. 

L. eommersonii J. V. Gmelin syn. L. rnbra jacep 
(Commkkson's Latania : Tin: Rkd Laian Pal.m) is 
a handsome dioecious |)alm, e. 12 m. high. Stem 
smooth and slender, red : leaves borne on bright 
crimson stalks 1.2 1.8 m. long, bright green with 
red veins : fruit globose, 3.7-5 cm. diam. with a 
single seed. 

The fruits of the palm are reported to he eaten, 
though they have a disagreeable flavour. Leaves arc 
used for thatching and for making hats. The wood 
may he used for walking sticks (Firminger. 307 : 
Copalaswamiengar, 373 : Biirkill, If, 1321). 

L. verseliaffellii Lem., a palm somewhat similar to 
L. eommersonii, hears yellow-veined, pale green 
leaves: petioles slender, smooth, 0.6-1. 2 m. long, 
den.sely tomentose. This palm is of slow growth, but 
stands exposure well. The wood, which is beanlifiilly 
marked, is used for w'alking sticks ((h)|)alasw’ami- 
engar, 374: Blatter, 173). 

Laterite — see Iron Ores 

LATHYRUS Linn. (Leguminosae) 

A genus of herbs distributed chiefly in the 
North temperate zone ; a few species are found in 
South America and tropical mountains. About nine 
species occur in India : a few exotics are cultivated 
in gardens. 

Latliyrns spp. are grown for food, fodder, green 
manure and ornament. Many of them are, however, 
poisonous. 
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L. odoratus Linn. Swket Pea 

Bailey. 1947, TT, 1825 ; TIL 3284, PI. 109. 

A climbing, lightly pubescent annual, native of 
Sicily, commonly grown in gardens for its attractive, 
fragrant flowers. Leaves pinnate: leaflets usually 2, 
oval or oblong, 2.5-5.0 cm. long, upper leaflets modi- 
lied into tendrils ; flowers 1-4 in a raceme, in varying 
shades of white, yellow, pink, purple or blues ; pods 
c. 5 cm. long, pubescent ; seeds many, globular, grey 
brown. 

Sweet pea is one of the most ])opular among annual 
flowers for its range of colour, beauty of form, frag- 
rance and value as cut flowers. The plants grow well 
in light rich soil and in open sunny situations. Seeds 
are sown in September in the plains and in June-July 
on the hills. They recpiire a support when they be- 
come c. 15 cm. high. Removal of withered flowers 
and pods enhances the |)eriod of bloom. A dwarf 
race (Cupid Sweet Pea), which does not climb and 
has several colour forms, has been evolved. It is 
good in pots and suitable for edging beds (Copala- 
swamiengar, 441-42 : Pirminger, 362 : Chittenden, 
IV. 2061). 

I’be pigments preseni in the flowers are mostly 
anthocyanins : orange-red flowers contain pelargoni- 
din 3-monoside and pelargonidin 3.5-dimonoside ; 
deep red and pink flowers contain cyanidin and 
pconidin digiycosides ; a mixture of deipbinin, 
cyanidin and [)elargonidin diglycosities are present in 
wine-red flowers : and violet, maroon and blue 
flowers contain malvidin 3,5-dimonoside and delpbi- 
nidin 3,5-dimonoside. Anthoxantbins are also pre- 
sent. Variation in flower colours has been attributed 
to dilferences in the relative amounts of anibocyanin 
and anthoxantbin copigmeni : in some cases, colour 
variation is associated with the degree of oxidation 
of anthocyanins in flowers and leucoanthocyanins in 
seed coats (Ponniah & Seshadri, /. sci. iudnslr. Res., 
605 : Robinson cV Robinson, Bioclieui. /., 
1934, 28 , 1716 ; Clicui. Ahslr., 1940, 34 , 2880). 

The flowers have a sweet and delicate perfume 
resemhiing that of orange flowers and hyacinth. They 
contain a small amount of essential oil with an odour 
suggestive of methyl anthranilate. 'Fhe perfume can 
possibly be extracted by enfleurage, but it has not 
been attempted. Sweet pea perfume of commerce is a 
synthetic product |Poucber. IT, 242: Krishna & 
Badliwar, /. sci. industr. Res., 1949, 8A(2), suppl., 
'S 7 l 

Sweet pea seeds contain : total N, 5.2 ; protein N, 
4.7 ; and amino N, 0.12' n. They are a good source of 


vitamin A [Chem. Ahstr., 19^8, 32 , ^784; 19;^, 27 , 
57 « 6 ). 

Severe skeletal deformities have been produced in 
rats feel on a diet containing sweet pea seeds : in some 
cases, reproduction failure, dissecting aneurysm of 
aorta, and degenerative arthritis are also reported. 
The symptoms arc different from those of laiby- 
rism in human beings. 'The toxic principle has 
been identiiied as /?-(y-L-glutamyl)-aminopropionitrile 
(CJ m.p. 193 94"" deconip.) which is |)resent 

in concentrations varying from 58 to 160 mg./ 100 g. 
according to variety. It is rearlily extracted with cold 
water or 30 “,, alcohol : the extracted meal is non- 
toxic (Lewis el al., J. Nutr., i(;48. 36 , 537 : Suhrahma- 
nyan et (d.. Food Sci., 1957, 6 , 156 ; Schilling & 
Strong, y. Anier. client. Soe., i(;54, 76 , 2848 ; (iarbutt 
& Strong, /. (lirrie. Fd (diem., 1(757, 5 , 367). 

L. sativus Linn. Ciucki.ixc; V'^kicii, (iKass Pea 

D.L.P., IV, 5(70: C!.P.. 703: I'l. Br. Ind., II. 17(7; 
Kin. C.V Basil, PI. 314A. 

Hi.xni — Kliesari, latri, liiiri, knssar ; Bknc.^ - 
Klie.sari ; Mak. Lakh ; Cr|. Lmi^ ; Okiya— /v7/c',stc/. 

Assam — Klie.^nri, teora : Biiiak - /vc'.sv/r/, knnsari. 
hdtuni : Pr\|AH Kisnri, ehural, kants, karil : Nepal 
— Kesari. 

A much-branched suh-ereit annual found through- 
out India as a weed and cultivated for pulse and 
fodder, especially in northern, central and western 
India up to an altitude of 1,200 m. Sretii up to 1.2 m. 
long: leaves pinnately compound: leaflets usually 2, 
linear-lanceolate, upper leaflets modified into ten- 
drils : flowers solitary, axillary, rtaldish purple, blue 
or white ; pods ohiong, 2.5-3. 7 cm. long, flat, slighllv 
curved, dorsally 2-winged : seeds 4-5 in a pod, facet- 
ted, greyish brown or yellowish, usually spotted or 
mottled, somewhat smaller than peas. 

The plant is considered native of southern Lurope 
and western Asia and is grown in India, Iran, Middle 
Last, southern Lurope and South America. In India, 
it occupies 4% of the total area under pulse crops 
and constitutes c. 3“/, of the total pulse produc tion. 
About 4 million acres, producing marly 0,5 million 
tons of seed, were under this crop in 1956 57. The 
main producing areas are: Patna, C»aya, Shahabad, 
Muzaffarpiir, Darbhanga and Monghyr districts in 
Bihar, Drug, Raipur, Bilaspur and Balaghat di.stricts 
in Mahakosal region (Madhya Pradesh), Midnapur, 
Murshidabad, I loogbly and 24-Parganas in West 
Bengal and Bhandara, C^ianda and Parbbani districts 
in Maharashtra. The crop is cultivated to small extent 
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TABI E 1— ACREAGE AND PRODUCTION OF KHESAR1« 

Area Produel ion 

Slate (thousand acres) (thousand ions) 


r 

. A . 

^ 

f 

A 


l‘>56 .S7 

V)S7 5.S 1958 

1959 60 

1956 57 

1957 .S8 1958 .S9 

1959 6() 


.M.jflhv.'i IV.itItsli 

1.501 

1,125 

1,478 

I.•I68 

1.^4 

122 

154 

240 

Uih.ir** 

1.762 

1,509 

2,160 

2,202 

252 

205 

406 

.544 

West IWng.'O 

557 

256 

.165 

498 

65 

46 

60 

90 

lloinh.iy 

412 

407 

5.10t 

5571 

.SO 

48 

.S8t 

55t 

Ass:iin 

17 

17 

18 

18 

5 

5 

5 

2 


* Data from nirectorale of Kcon. A: Statist., Minist, Food Agric., Govt. India. 
*M)ata from the Directorate of Statist., Pihar, 

* Data for Maliarashtra only. 


in rhi* eastern districts of U.P., Brahmaputra valley 
in As.sam and riverine tracts of Run jab. An estimate 
of the acreage and production of khesari in India is 
given in 'lahle i | Whyte ct al., 2S2 ; Mehta, /Igric. 
/I///;;/. Hush., IJitar Pradesh, 195^ 56, 6(2 3). 3|. 



FIG. 19. I.ATHYRIJS SA TIVIJS-FLOWEHING AND 
FRUITING BRANCH 


Khrsari can he grown on almost all types of soil. 
It is commonly cultivated on heavy, clay soils : deep 
retentive black soil is considered to he the best. The 
|)lant is hardy, amenable to easy cultivation and grows 
even on land subject to drought, excessive rain or 
flood. Much t)f the land considered unlit for wheat, 
cotton, rice and the more popular jiulses may he 
sown with khesari. It may he sown pure or mixed ; it 
is often .sown with standing rice crop. In Bihar, it 
comes up self-sown ; in the Deccan, it is chielly a 
second crop after rice, 

l^. salivas is cultivated as a cold weather crop and 
sown in Se[)ieml)er October or even later. The seed 
rate varies from 12-50 Ih. per acre according to the 
method of cultivation followed. Seeds may he sown 
broadcast or in furrows c. 3 cm. apart. In a well-pre- 
pared field the crop comes up as a thic k i lo.se mass 
over the whole surface and smothers weeds. In the 
case of unheeded or self-sown crops, however, a 
number of leguminous weeds, e.g. Vida saliva I Ann., 
r. an^rtislifolia Linn. syn. V. saliva var. aagaslifollu 
Baker. V, hirsuta S.F. Gray, Lal/iyras afyliaca Linn, 
and L. sphavricas Rit/., come up along with the crop. 
The weeds are easily diflerentiated from /.. salivas, 
hut unless eliminated when comparatively young, 
they form dense intertwined masses and sc|uiration 
from L. salivas becomes diflicult. h'or this reason the 
pulse available in the ha/aar is (|uite often mixed 
with weed seeds. The crop ripens in 4-5 months and 
is harvested as soon as leaves begin to turn yellow and 
pods are not fully ripe : fully ripe pods dehisce and 
result in loss of seeds. The crop may he reajied with 
a sickle or plants may he uprooted. Harvested crop 
is allowed to dry in heaps in the field for a week and 
then threshed and winnowed. The yield is propor- 
tional to the cpiantity of seed sown. An average crop 
at a seed rate of 40 lb. per acre yields (925 lb. of pulse 
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and 1,^23 II). of fodder per acre : at a seed rate of 14 lb. 
in mixed cultivation, the yield per acre is 3(x) lb. of 
pulse an<i 400 lb. of straw. In a well-grown crop the 
yields of pulse and fodder are about ecpial [Mollison, 
iir, 7 «- 80; Mukerji, 204; Hall, 151 : Mehta. / 1 gr/V. 
Anim, Hush., Vttar Pradesh, 1955 56, 6(2-3), * 5 ’ 
Haines, 111 , 250 : Ambekar, Bull, Dep. Agrie, 
Bombay, No. 146, 1927, 40 ; Anderson cl al., hulian J. 
mcd. Res., 1924-25, 12 , 617I. 

The recorded fungal diseases of klicsari include: 
mildew (Oiditim crysiphoidcs l"r. and Perenospora 
lathyripaluslris (iauniann), rusts | Uroviyces pisi 
(Pers.) Wint. and U, [abac (Pers.) de Bary| and wilt 
(Pusarium orthoccras var. lathyri). The last men- 
tioned disease is reported to cause serious loss in 
Broach district (Gujarat). A resistant strain, ludorc 
T. 2-/2, which is earlier and yields more than the 
local type has been released for cultivation \lndian /. 
a^ric. Sci., 1950, 20 , 107 ; Saksena, Sci. i-V Cull., 
1956-57, 22 , 337 : Biol. Abslr., i9.f9, 23 , 230 : Bhide & 
Hhande, Farmer, 1952, 3 ( 6 ), 35I. 

Indian kliesari plants have been roughly classilied 
on the basis of the colour of Howers, markings on 
pods and size and colour of seeds. About 56 types of 
khesari have been ditfereiuiated in bazaar samples. 
They are of small, medium or large size in combina- 
tions of grey, black or mottled colour. Seeds from 
crops raised in rice fields are usually smaller than 
tliose grown in rich dry soils ordinarily devoted to 
wheat. The smaller form is known as lakhori (wt., 
77-108 g./ too .seeds) and the larger form as lakh (wt., 
1 10-245 seeds) | Howard el al., Mem. Dep. 

/IgnV. India, Bol., 1928, 15 ( 2 ), 51 1 . 
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Khesari seeds are used as an article of diet by the 
|)oor in times of famine. 'Hiey arc made into chapa- 
lies, paste halls and curry or boiled and eaten like a 
pulse. At some places, the seeds are dehusked and 
parched before use. Being cheap and easy to cultivate, 
khesari is used as an adulterant of other pulses. Mixed 
with oil cakes and salts, the seeds are used as nutri- 
tious feed for cattle, 'fhe seeds are also used in homeo- 
pathy. I'hcy may he used also as a source of jirotein 
for the preparation of plywood adhesives (C’hopr.i 
el al., 381 : Jacoby, Indian med. Caz., 1947, ’ 

Howard el al., loc. cit. : Steinmetz, II, 266 ; Narayana- 
murti & Chimma, Indian For. Leafl., No. 119. 
' 949 )- 

Analysis of seeds gave the following values: mois- 
ture, 10.0; protein, 28. 2 ; fat (ether extr.). 0.6: 
carbohydrates, 58.2 : and mineral matter. 3.0"... The 
seeds contain starch (34.8',’,.), sucrose (1.5“..), pento- 
sans (6.8%), phytin (3.6",,), lignin (1.5 ’..). stacliyose, 
raflinosc and pec tins. The starch consists of amylosc 
(30.3",,) and amylopectin (6<;.7"..) (illth Bull., No. 23, 
* 95 *’ .V*' ^diem. Abslr., 1951, 45 , 3041 : 1952, 46 , 
2705 ; 1947, 41 , 3547 ; Patel el al., Sci. & Cult., 
*<;58-59. 24 , 291). 

Khesari contains albumin (6.64;,,), prolamine 
(1.49'’,,), globulin (13.30%) and glutelin (3-75 ''m). The 
nitrogen distribution in the albumin (N. 16.38 : and 
S, 0.88 ’,,) is as follows: sol. humin N, 1.03: insol. 
humin N. 1.66 ; amide N, 7.65 ; total basic N. 29.25 ; 
and non-hasic N, 60.44‘V, of total nitrogen. 'Phe distri- 
bution of nitrogen in the globulin (N. 16.8 : P, o. i ; 
and vS. 0.44'!;,) is as follows: sol. humin N, 0.27 : insol. 
humin N, 0.27 ; amide N, c;.56 ; total basic N (argi- 
nine. 14.(72 : histidine, 9.93: cystine. 0.17: lysine, 
10.68%), 35.70; and non-hasic N. 52.16",, of total 
nitrogen. Xanthine, guanine and free arginine, gluta- 
mic acid, alanine, valine and leucine are present 
{Cheni. Abslr., 1947, 5547 * Ban, Proc. hulian 

Acad. Sci., 1(734-35, IB, 73 : Ganapatby el al., Atnt. 
Biochem., ic;58, 18 , 157). 

At 10",, level of protein intake, khesari proteins 
have high digestibility (9^)'’..) but low biological value 
(50",,). The essential amino acids present in the pro- 
teins are (expressed in g./ i6 g.N): arginine (7.85), 
histidine (2.51), leucine (6.57), isoleucine (6.59), lysine 
(6.94), methionine (0.38), phenylalanine (4.14), threo- 
nine (2.34). tryptophan (0.40) and valine (4.68). The 
proteins are deficient in methionine and tryptophan. 
Autoclaving of seeds and supplementation with 
methionine greatly enhance their nutritive value 
(Basil el al., Indian J. med. Res., 1936 37, 24 , looi : 
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Raniacliaiulran & Pliaiisalkar, 1956, 44, 50 : Esli 
& Soin, ludiaii J. Physiol., 1952, 6 , 61). 

The vitamins present in the seeds arc: carotene 
(as vitamin A). 200 i.u. : thiamine, 0.21 : riboflavin, 
0.16: nitotinu acid, 3.3 ; biotin, 7.5; pantothenic 
acid, 2 .() ; lolic acid, too : pyridoxine, 0.65 ; inositol, 
140: ascorbic acid. 3.1 : and dehydro-ascorhic acid, 
0.2 mg., too g. (K'rminated seeds show considerable 
im Tease in vitamins, except folic acid, biotin and 
pyridoxine, which diminish during germination 
(HItli Bull., No. 23, 1951, 30: Chattopadhyay ct nl., 
hidiftn Plutnu., 1949-50, 5, 21 : Nandi Banerjee, 
ibid., i 949-50, 5, 63, 202 : Banerjee c/ al.. Food Rcs.^ 
1954, 19, 134 : 1955, 20, 545). 

The lipids of the plant are composed of fat (60%) 
and |)hosphatides (4o‘’o)- Extraction of seeds with 
ether gives a viscous oil with a strong stinging odour 
and characteristic taste ; it has the following cons- 
tants: sp. gr. ’"*, 0.9285 : , 1.476S : acid val., 44.99 ; 

sap. val., 172: llehner val., 84.05: R.M. val.. 1.99: 
and unsapon. matter, 16.2%. Siigmasterol and a 
yellow pigment are present. I'he oil has cathartic 
properties hut is toxic (Chnti. Ahstr., 1952, 46, 2705 ; 
1951, 45, 3041 ; Chakra varti rt aL, /. sci, iuduslr. Res., 
1956, ISC, 89 ; De & l^iitta, Sci. & Cult., 1948-49, 14, 
159 ; C'hopra, 502). 

'i’he seeds contain a rhamnoside of a llavone «leri- 
vative and pos.sihly also a lycopene. Saponins, alka- 
loids and a com|)ound yielding liydrogen sulphide 
have been reportetl to he present by some authors. 
C.yanogenetic glucosides occur, if at all, in very small 
amounts (Chem. Ahsir., 1947, 41, 3547 : Biswas, Sci. 
K- Cult., 1943-44, 9, 165; Wehmer, I. 571). 

Analysis of seed ash (total a.sh in sample, 2.6 2.8*’, .) 
gave the following values: phosphorus (IV),), 20.80; 
calcium (CaO), 12.62; magnesium (MgO), 3.87: 
potassium (K .O). 47.20 : .sodium (Na^O), 20.35 ; chlo- 
rine. 3. 28 ; and sulphur (SO.,), 3.25“,,. Trace elements 
reported to he present are: aluminium, boron, copper, 
iron (total, 9.97 : available, 4.40 mg./ loc^ g.), lithium, 
manganese, molybdenum, nickel, lead, titanium, 
fltiorine and selenium (22.9 mg./ too g.). Germinated 
seeds (ontain higher j)ro|)oriion of available iron 
oig./ioo g.) {Chew. /l/;.s 7 r., 1951, 45, 3041 ; Singh 
ik Banerjee, hidiau J. mcd. Res., 1955, 43, 497 ; Annu. 
Ri'h^ Indian vet. Res. Inst., 1949 50. 43: Rudra, 
Nature, Lotid., 1952. 170, 124). 

1'he leaves of the plant are eaten as pot-herh. 
Analysis of leaves gave the following values: moi.s- 
ture, 84.2 : protein, 6.1 ; fat (ether extr.), i.o: carbo- 
hydrates, 7.6: mineral matter, i.i ; calcium, 0.16 ; 

AO 


and phosphorus, 0.1%; iron, 7.3 mg.; and carotene 
(as vitamin A), 6,o(^) i.u./ 100 g. (Bressers, ' tilth 
Bull., No. 23, 1951, 34). 

Khesari crop is often grown for fodder ; plants can 
he reaped and fed green or standing crop can he 
pastured. Khesari is not lit for silage hut can he cured 
into hay under mild climatic conditions. Analysis of 
green plant, cut at the flowering stage gave the follow- 
ing values (dry basis): protein, 17.3; fibre, 36.6: fat, 
4.47 ; a.sh, 6.0 : phosphorus (1V).)» calcium 

(GaO). 1.08' 0. When fed alone, fresh young plants are 
reported to he harmful to horses : cattle, sheep and 
rabbits, however, consume relatively large amounts 
without ill effects. Analy.'fis of hay gave the following 
values: moisture, 14.53; crude protein, 9.94: fat, 
1.91 : fibre, 36.48: N-frce extr., 31.05; and ash, 
6 .(m;‘',, ; starch erpiivalent, 12.5 kg./ 100 kg. A sample 
of hay (ash, 8.0'’,,) contained: |)hosphorus (IV).T 
0.34 : and calcium (GaO), 0.96",,. The crop is also 
valued as green manure ; at a seed rale of 60 Ih. 
an acre, it is said to add about 55 Ih. of nitro- 
gen 1 1 fall, 151 : Khan, hiduni Fu/g, N.S., 1952 53, 
2 ( 3 ). 8; Chem. Ahstr., 1934, 28, 2426: 1938, 32, 

Lathyrism People in scarcity areas consuming 
khesari as the principal article of diet for months, are 
known to he affected by a paralytic disease, known as 
lathyrism. Occasional u.se of the pulse, however. 
ap[)ears to he harmless. Both human beings and live- 
stock are susceptible to lathyrism and severe epi- 
demics liave been reported in the past from Bihar, 
Madhya Pradesh and some eastern districts of U.P. 
Lathyrism manifests itself by partial or complete 
paralysi.^ of the lower limbs and is characteri/ed by 
degenerative changes in the spinal cord. The onset of 
the disease is often sudden and it usually occurs 
during the monsoon. In the early stages the patient 
finds difficulty in walking : the gait becomes jerky 
and the legs may have to he cros.sed while walking, 
i'high and calf muscles become rigid and lower limbs 
are |)araly.sed. There is no atrophy or degeneration of 
muscles as such and the upper part of the body 
generally remains unaffected. The cerebrospinal fluid 
shows no abnormalities of pre.ssiire, cell count and 
albumin content. Blood pressure, heart and lungs 
remain normal. Lathyrism is more prevalent in 
young male.s. In the case of horses, not only tlie 
limbs but also the muscles of larynx arc paralysed 
and the animal suffers from acute suffocation. Paro- 
xysms usually pass off but may, sometimes, prove 
fatal. In human beings the lesions on the spinal cord 
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arc permanent, indicating permanent destruction ol! 
tract : in animals, however, the disease is transient 
suggesting ischaemia and interference with function, 
ratlier than permanent destruction of affected cord 
(Modi, 65S ; C'hopra cl al., 382-86 ; Jacohy, Indian 
wed. Gaz., 1947, 82 , 53 : Acton & Chopra, ibid., 1922, 
57, 412 ; Forsyth, Htdl. Minisl. /l^nV., Lotid., No. 161. 
1954. 39 )* 

Although epidemics of lathyrism have invariably 
occurred in khvsari producing areas and there is e\- 
perimental and circumstantial evidence ascril)ing 
lathyrism to the continuous use of khesari, the poison- 
ous effects have sometimes been atlrihtited to indivi- 
dual idiosyncrasies. fMkliori seeds are generally 
regarded to he harmless l)Ut l..akJi seeds are consi- 
dered poisonous. Most of the investigations seem to 
have been carried out on specimens which are hota- 
nically impure. 

The factors responsii)Ie for lathyrism in man and 
animals have not been identified with any certainty. 
Farly reports, most of which have been shown U) lie 
imienahle, ascribed the ill effects variously to the pre- 
sence in the pulse of an alkaline volatile liquid, toxic 
alkaloids, a water .soluble toxic amine or organic 
phytates ; contamination of khesari with I'/czV/ sp. 
which contains poisonous alkaloids and deficiency of 
es.sential amino acids in khesari proteins have also 
been con.sidered responsible for the observed effects. 
It has been recently reported that the presence of 
selenium in khesari which interferes with methionine 
metabolism, is the cause of lathyrism. It has been 
suggested that the toxic effect is due to a pathogenic 
fungus which grows on the |)ulse during wet storage. 
Lathyrism has also been regarded as a virus infec- 
tion. But none of the explanations offered appears 
to he conclusive (Subrahmanyan el al.. Food Sci., 
‘937* *56 ; Chf)pra el al., 383-84 : U.S.D., 1955, 

1733 : Rudra, /. Asial. Soc. 6Vt., 1952, 18 , 141 ; Jacoby, 
Indian wed. Gr/^;., ‘1947, 82 , 122 ; Chew. Ahstr., 1934, 
553^’ • *95”* 44 , 4100). 

No effective remedy has been found for lathyrism 
so far. Prostigmin gave only slight relief from pain in 
earlier stages. The disease is checked by putting the 
patient on a nutritive diet and discontinuing the use 
of khesari. I'he seeds arc said to lose toxicity, if soak- 
ed in water for at least 24 hours before cooking. The 
pul.se is also reported to he harmless when consumed 
along with flowers of Madhnca indica J. F. Gmel. 
Under the Prevention of Food Adulteration Rules, 
Minist. Illth, Govt. India, 1955 (amended up to 1939), 
the sale of khesari and khesari products has been 


prohibited (jacohy. Indian wed. Gaz., 1947, 82 , 53 ; 
Field Crop Ahstr., 1952, 5 , 86). 

L. aphaca Linn. (YKia.ovv VKiciiLiNf; : Hindi 
Jan^limalar ; Bend, -/^/ng// malar, masur-ehanna ; 
Nepal Kaihu ,* Punjab — Ga^la, rexcan, rcivari) is a 
inuch-hranched trailing annual met with as a weed 
in North India, a.scending in the Himalayas up to an 
altitude of 2,100 m., in Bengal, Madhya Ihadesh and 
Nilgiris in the .south. Stijiules leafy ; leaves modified 
into tendrils ; flowers yellow, axillary : pods sickle 
shaped with 4-6 .seeds. 

The herb is u.sed as a fodder and is sometimes culti- 
vated for this purpose. Young seeds are harmle.ss hut 
ripe ones, if abundantly eaten, produce narcotic 
effects. I'lowers are reported to jiossess resolvent pro- 
perties. This herb has also been considered to he one 
of the po.s.sihle causes of lathyrism (Kirt. & Basil, 1 , 
771 ; Chopra el al., 386). 

L. iwpha/ensis Walt is a herb recorded from 
Manipur at i,2(k) m. It is locally used as fodder. 

L. pralensis Linn. (Meadow Vetciilino) is a finely 
pubescent herb with raiemes of yellow flowers and 
5-10 seeded c«)mpressed pods, distributed in western 
Himalayas at altitudes of 1,800-2,400 m. 'The seeds 
are used in S|)ain as a resolvent (Kiri. & Basu, I, 772). 

L. sphaerictis Ret/, is a much-hranched trailing 
annual with reddish flowers and linear, many seeded 
[)ods, found in the plains of North India and in 
western Himalayas up to an altitude of 1,650 m. The 
plant is poisonous and its seeds often get mixed with 
khesari in fields (Singh, Bull. Indian Cwm, agrie. Res., 
No. 76. 1956, 34). 

L. litii^ilanns lann. ('PANtaER Pea) is a climbing 
annual, native of North Africa, cultivated for its 
brilliant .scarlet purple flowers. It is useful as fodder 
and green manure ; its introduction into India has 
been suggested. 'The seeds are toxic causing essential- 
ly the same symptoms in rats as sweet pea (Hector, 
II, 657 ; Chakravariy, Sci. Cull., 1955-56, 21 , 242 ; 
Suhrahmaiiyan el al., loc. cil.). 

LATIPES K u n t h {(^ raw ineae) 

FI. Br. Ind., VII, 97 : Blatter & McCann, 21S. 
PI. 145. 

A monotypic genus, comprising the species /-. sene- 
f^alefisis Kiinth, a small perennial gra.ss, with wiry, 
creeping stems, 7.5-25.0 cm. long and many erect or 
spreading leafy branches and racemes 5-15 cm long, 
found in Rajasthan, Sind and Baluchistan, extending 
to Arabia and Africa. It is a good fodder in 
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siihclcscrt regions. The seeds are reported to he used as 
food in Africa (Blatter Hallherg, /. Bombay mil. 
Hist. Sac., 1918-21, 26 , 979; Halziel, 530). 

LAUNAEA ( u*i ss. (Co vtposi tac) 

D.K.P.. IV, 594: FI. Hr. Ind., Ill, 414. 

A genus of glabrous herbs, often with yellow juice, 
distributed in tropical and sub-tropical regions. Seven 
species are found in India. 

L. asplniiifolia Hook. f. (Hindi — Titlia ; Ben(;. — 
I'ik'c/iana : Samai. Birmalla) is a biennial or peren- 
nial herb with long slender roots, narrowly obovate, 
lobeti and toothed leaves and yellow paniculate llower 
beads, louiul throughout the plains of northern India 
and Bengal extending southwards to Andhra : it is 
also met with in the Andamans. The root in com- 
bination with other drugs is used as a galactagogiie 
by the Santals (Kirt. ^ Basu, II, 1446). 

L. glomcrata Hook. f. is a glaucescenl herb with 
lohed, pinnatilid or runcinatc leaves, yellow flower 
heatls and conspicuously winged fruit. It has been 
recorded from Kathiawar, Kutch and Mt. Abu. A 
decoction of the herb mixed with wheat meal is 
applied as a poultice to .sore eyes (Kirt. & Basu. 11, 
*449)- 

L. mucrouala (Korsk.) Muschler. syn. L, cliom 
(Irilloules Hook. f. (RAjA.sriiAN — Dhud phad) is a 
herb re.semhling L. asplaiii folia found in western 
India. It is al.so credited with galactagogue proper- 
ties. A decoction of the herb is administered in con- 
stij)ation (Kirt. Basu, 11, 1448 ; Blatter & Hallherg, 
/. Bombay tiat. Uist. 5oc., 1918 -21, 26 , 538). 

L. uudicaulis Hook. f. (Punjab— dudhlak ; 
Raja.smian -Akria, ban gobi, jangli gobi ; Bombay 
Patliari) is a decumbent herb with a tuft of simj)le or 
branched flowering stems arising from a rosette of 
sessile, lohed or runcinate, sharply toothed leaves 
(5-25 cm. X 2.5 7.5 cm.) and bearing yellowish flower 
heads either solitary or in clusters. It occurs as a weed 
more or less throughout the plains of India, a.scend- 
ing up to an altitude of 2,400 m. in the Himalayas. 
The plant is use<i as fodder for goats. It is al.so used 
in the preparation of a cooling sherbet. Leaves arc 
used locally in curries [Santapau, Rcc. bot. Surv. India, 
•9.‘)3- 16(0. ^ rr. *447: Salmis, J. 

Bombay nat. Hist. Soc., 1940 41, 42 , ^76]. 

L. sarmentosa (Willd.) Alston syn. L. pinnatifida 
Ca.ss. is a procumbent herb with flagelliform stems 
arising from a tuft of radical, oblong, sinuate or 
runcinate, toothed leaves and bearing yellow flower 



heads. It is found along .sandy sea beaches and is 
considered u.seful as a .sand hinder. It is reported to 
po.ssess tonic, soporific, diuretic and aperient pro[)er- 
tics and used as a substitute for Taraxacum. Leaves 
are eaten during famine. The herb is fed to huflaloes 
as a galactagogue |Kirt. & Basu, II, 1447-48 : Chopra. 
i 9<;8, 912 : Cains, /. Bombay ual. Hist. Soc., 19^9-40, 
41 , 850; (xammie, Rcc. bot, Surv. India, 1902. 

2(2), rS3|. 

Laureh Alexandrian — see Calophyllum 
Laurel Nut — .see Calophyllum 
Laurel, True — see Laurus 

LAURENTIA Adans. (Campanulaccac) 

Santapau, /. Bombay nat. Hist. Soc., 53, 

156. 

A genus of herbs distributed in North and South 
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America, Mediterranean region and Africa, and in- 
troduced elsewhere. One species lias been recorded in 
India. 

L. lofi(riflora (Linn.) Krull. syii. Lobelia lon^iflora 
lann. Isotowa lotigillora Presl. is a herb up to 50 cm. 
in height, with sub-sessile lanceolate, dentate leaves 
and rather attractive, sweet scented or inodorous, 
while, solitary, axillary flowers. It is found as a weed 
in waste lands in some parts of Honihay : it is some- 
times grown in gardens for ornament. 

The plant is poisonous. When taken internally it 
causes violent purgation which may prove lethal. The 
juice of the plant produces burning inflammation on 
contact with eyes or li[)s. The |)lant is said to he parti- 
cularly harmful to horses. An alkaloid |m.p. 125° : 

siniilar to, hut not identical with loheline 
has been isolated from the plant ; it acts on respira- 
tion by way of chemoceptors of the carotid body, on 


blood pressure by way of spinal neurones and by dis- 
charge of adrenaline. Kradication of the weed before 
it spreads has been recommended (Chenu Ahstr., 
i94«, 42 , 1350). 

LAURUS I Ann. [Lauraccae) 

Hailey, 1947, IL 1827. 

A small genus of trees distributed chiefly in the 
Mediterranean region. L. nohilis Linn. (Swf.kt Bay, 
Tki'k LArRKi.), a small evergreen hardy tree with stifl' 
narrow fragrant leaves, is widely cultivated in Europe 
and America for ornament. It is sometimes grown in 
Indian gardens hut does not seem to thrive well. 

Sweet Hay is propagated by cuttings or by seed and 
is often grown in tubs. The plants lend themselves to 
decorous triinining to almost any shape — cone, pyra- 
mid, globe, etc. (Hailey. 1947, II, 1827 : Eirminger, 

Dried berries of the tree, commonly called Hay 
Berries, have been imported into India for medicinal 
use. The berry is ovoid (c. 1.5 cm. long), black, coarse- 
ly wrinkled and contains a single seed. Both leaves 
and fruits possess aromatic, stimulant and narcotic 
properties and were formerly employed for hysteria, 
amenorrhoea and flatulent colic. They are rarely ever 
used internally at the pre.sent time. Externally, how- 
ever, commercial (^il of Laurel Berry is sometimes 
applied as a stimulant in sprains, but its princi])al use 
is in veterinary medicine. The leaves are employed 
as a condiment and flavouring agent in food and con- 
fectionery (Nadkarni. I. 729; Bentley 'rrimen. III, 
221). 

The berry (pericarp, 30'V. : seed, 70",,) yields 2o-34’^’{, 
of an aromatic fat used to some extent in pharmacy, 
veterinary practice and perfumery. Commercial fat is 
obtained from the whole berry by pressing or by 
boiling with water and skimming off the separated fat. 
The fat (m.p. 30-34®) is green in colour and has the 
following characteristics: sp. gr. , 0.921-0.941 : 

j'" . 1.460 1.^65 ; acid val., 5 34 ; sap. val., 188 216 : 
iod. val., 75-99 : thiocyanogen val., 55.8 ; R.M. val., 
5.2 ; Polcnske val., 2.8 : and unsapon. matter 
(phytosterol, melissyl alcohol, a hydrocarbon and an 
unsaturaled oily substance), 1-6%. 'The mixed fatty 
acids contaii\: lauric, 30 35 : palmitic, 10 1 1 : oleic, 
^.V4f^ : iii'd linoleic, i8-^2“{, (Eckey, 4i<j-i8 : Thorpe, 
VII, 197). 

Eresh terminal branch lets and leaves, on steam- 
distillation, yield 0.5';.'. of a volatile oil with a charac- 
teristic sweet and spicy odour, somewhat suggestive 
of cajupiit oil. It has the following characteristics: 
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sp. 0.910-0.944; [rt], -4.7® to -21.7°: 

1.460-1.477 : acid val., up to 3.0; ester val., 21.0-55.0 
(after acetylation, 36.0-96.0) : sol. in 1-3 vol. of 807/. 
alcohol. The constituents identified in the oil are: 
cineole (c. 50' ,,), eugenol, geraniol, a- and /^^-pincnes, 
.i-phellandrene, Minalool, /-a-terpineol, a sesquiter- 
pene, esters (mainly acetates) and small amount of free 
fatty acids (Guenther. IV, 204 06). 

Laurel wood resembles walnut wood in grain and 
colour and is suitable for decorative cabinet work 
(Howard. 65). 

LAVANDULA Linn. (iMbiatac) 

A small genus of perennial aromatic herbs, siih- 
shruhs or shrubs confined to the North temperate 
and tropical regums of the Old World. Two species 
occur in India. 

'riiree species of Lavandula are extensively utili/.ed 
in Kurope and the Mediterranean region for extract- 
ing essential oils, known in commerce as Lavender Oil, 
Spike I-avender Oil and I.avandin Oil. These are: 
L. angustifolia Mill. ('ruuK Lavkm)F.r), L. latifolia 
Medic. (SpiKK Lavkndkr) and L. Iiyhrida Reverchon 
(Lavandin), a hybrid between true lavender and 
spike lavender. L, angustifolia yields an oil with a 
refreshing and deliglitful fragrance. L. latifalia 
grows wild in the lower altitudes of souiliern France. 
S|)ain and Italy ; it yields an inferior oil. L. hyhrida 
possesses the characteristics of both parent [dams 
and yields an oil which combines the fragrance of 
true lavender with the camphoraceous harshness 
of spike lavender. Lavandin oil is attaining increas- 
ing importance in trade and is popular with per- 
fumers and soap manufacturers. Because of the 
relative ease of cultivation, higher yield of oil |)er 


acre and heavy demand for the oil, the total produc- 
tion of lavandin oil has gone up with a marked fall 
in the production of lavender oil ; many growers 
have now switched over from lavender to lavandin 
cultivation. I'he characteristics of the three oils are 
summarized in Table i. None of the oil-yielding 
species occurs in India. Lavender oil is imported 
(Table 2) (Chaytor, /. Linn. Sac., Boi., 1937-38, 51 , 
153 : (iuctither. Ill, 503-04, 512, 492 ; Guenther, Earn. 
Bi)l., 1954, 8 , 166). 

L. bipinnata Kuntze syn. L. hurnianni Henth. 

D.K. 1 >., IV, 595: FI. Hr. Tnd., IV, 631 : Mukerjee. 
Rcc. hot. Surv. Ifidta, 1940, I 4 (i), 64. 

Gi\f. -Sarpnocharo, aasmanifalgoto. 

Bombay- Gliodcghui, gorca. 

A stout or slender erect herb, 0.6-1. o m. high, found 
in Bihar, Chota Nagj)ur, Orissa, Madhya Pradesh, 
Rajasthan. Saurashtra. Deccan and Konkan south- 
wards to Kerala. Leaves sessile or nearly so, pinnati- 
partite or deeply pinnatiseci : segments linear, entire, 
cut or toothed : flowers small, blue or white, fragrant, 
in solitary or paiiicled spikes ; nutlets minute, ohlong- 
ellipsoid, black, smooth, mucilagitu)us when wet. Two 
varieties, viz. var. rothiana Kuntze and var. Inter- 
media Kuntze, are reported to occur. 'Fhe plant Howers 
in Octoher-Novemher. 

The plant is aromatic. Both Howers and leaves yield 
essential oils, the former, a red oil with peppermint- 
like aroma and the latter, a yellow oil which re- 
sembles lemongrass oil in (Klour. The characteristics 
of the oils arc as follows: flower oil -sp. gr.*;' ’ , 
0.923 ; n'^ff 1-4^83 : sap* vrI.. 149.5 ' val.. 199 : 

and sol. in 28 vol. of 70V.) alcohol: leaf oil sp. gr.]’":/ ' , 
”•^95: I'Md* -o- 87 ° : , 1-4^22 ; sap. val., 44.25; 



lABI.H 1— CHARACTERISTICS OF OIFFERENT 

Lavciicler oil 

I.AVENDER OILS* 

Spike la vernier oil 

Pa valid in oil 

J 

Krench 

0.880 0.896 

^ 

Kng;lisli 

0.882 0.907 

0.899 0.91 1 

0.886 0.896 

r,.i 

-3 to -IP 

(at 15.5 ) 

-5’ to IP 

-7.4 to -fl.2^ 

2.9 to 5.4 


1.4580 1.4640 

(ai 20 ) 

I.46.50 1.47.V» 

1.4624 1.4679 

(at 25 ) 

1.4616 1.4640 

Acitl v,*il. 

• 

0 .3.0 



K.'^lcr conirnt 

(as linalyl arctau*), % 

.10 40 (or more) 

8.0 18.0 

1.8 3..I 

19.6-26.1 

Solubility in 

Sol. in 2 ^ vol., or 

Not complciclv sol. 

Sol. in .14.5 vol. of 65‘V, 

Sol. in 2 -2.5 vol., clear 

70 "Vi alcohol 

more 

in 10 vol., or sol. 

alcohol, clear to opa- 

to opalescent with 

♦ OiicnihtT, III, 461, 

48.3. 497. 510. 

with opalcsconcc 

lescent with more 

more 
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acet. val., 141-4 » 2 vol. of 70% alcohol. The 

(lower oil is reported to contain fenchonc. The oils 
liave not been exploited commercially (Kanga, J. 
Indian hist. Sci, 1914 18, 1 , 89 ; Guenther. Ill, 513). 

The tops of the plant are eaten by cattle. A solution 
or paste of the roots is used as an external a])plication 
for stings and bites of poisonous animals (Burns ct aL, 
Mem, Dcp. A^ric. India, Bol., 1928, 16 , 116 : Kirt. & 
Basil, IIT, 1974). 

L. angustifolia Mill. syn. L. nfjicinalis Chaix ; L, 
vera DC. : L, spka Linn. True Lavender. Common 

I .A VENDER 

D.K.P., IV, 596 : Bailey, 1949, 851 ; Chayior, /. Linn. 
Soc., Hot., 1937-38, 51 , 172. 

A hardy, much-i)ranched low shrub, 0.3 1.2 m. in 
height. I.eaves opposite, ohiong-line.'ir or lanceolate, 
tomentose ; (lowers small, lavender, highly fragrant, 
in lenninal spikes. 

L. angustifolia is a native of the mountainous dis- 
tricts of .southern Lurope bordering on the western 
half of the Mediterranean and extending from the 
eastern coast of Spain to Calabria (Italy) and North 
Africa. It is extensively cultivated in .southern France 
and utili/ed for the ])roduclion of lavender oil : more 
than 85'^. of the world’s oil supplies come from 
France. Other countries producing lavender oil are 
Italy, southern Ru.ssia, Hungary, Kngland, Au.stralia 
(Tasmania) and U.S.A. (Puget Sound) (Islip, Bull, 
imp. Inst., Loud., 1948, 46 , 177 ; (hienther, Kcon. 
Bol., 1954, 8 , 166 ; Guenther, 111 , 441). 

Attempts have been made to cultivate lavender in 
India. Cultivation on an experimental scale have been 
undertaken at several places in Kashmir (Baramula, 
Chattarnar, Yarikah and Srinagar) at altitudes of 
c. 1,500 m. and the results arc promising. The climate 
prevailing in various hilly regions is favourable for 
the cultivation of lavender. There are at present 8 
acres under this crop in some parts of Nilgiris 
jllanda ct al., J. sci. industr. Res., 1957, 16 A( 5 ), suppl., 
12 ; Mudaliar. Madras a^ric. J., 1953, 40 , 273 : 
Menon, i8|. 

Lavender grows in any well-drained loam hut 
thrives best in light and rather dry, calcareous, loose 
soil. It does not grow well on low and wet land. It can 
be grown from .seed or propagated by cuttings or 
division. Cuttings are planted first in nursery beds 
and transplanted in the field, after a year, in rows 2 ft. 
apart, the distance between plants in the row being 
12-15 in. The crop needs frequent and thorough culti- 
vation. Plants are pruned during the first year to pre- 


vent flowering and encourage hushiness : they are 
ready for harvesting after three years. Flowering lops 
are harvested when in full bloom and distilled fresh 
for the j)roduclion of oil. If (lowers are separately re- 
(|uired, the tops are harvested a little before (lowers 
are fully opened : they are tied into small bundles 
and hung liead downwards in shade to dry : dried 
(lowers are then separated from stems by hand 
(Guenther, III, 441, 443-48; Guenther. Kcon. Hot., 

1954, 8 , 166 ; Sievers, Fmrs' Bull. U.S. I)cp. /Igr/V.. 
No. 1999. 1948, 63; Handa ct al., loc. cit. : Bailey, 
1947, II, 1829 : Macself, 143 44). 

Oil of lavender is obtained from flowers or (lower- 
ing lo|)s mainly by steam-distillation : concretes and 
absolutes are prepari'd by extraction with volatile sol 
vents. 'The water-distillation |)rocess was formerly 
employed Idr preparing the oil : it gives an inferior 
oil and the yield is lower. The yield and ([uality of oil 
depend upon .several factors, particularly soil and 
climatic conditions under which the plant is culti- 
vated, the |)lant material used for distillation and the 
|)roce.ss of distillation. A yield of ().7-o.9"., (or more) 
is reported from (lowering tops harvestetl from plan- 
tation crops ; the yield is hardy u. 3-0.5 ',, from wild 
plants. The oil obtained exclusively from (lowers is of 
liner (juality than that obtained from llowering tops ; 
the fraction collected in the initial stages of distilla- 
tion is reported to be the most fragrant. Distilled oil 
is stored in the dark for 3-5 years for maturation 
before marketing (Guenther. Ill, 453-58. 442 ; U.S.D., 

1955, 743 : Btdl. Minisl. A^ric., Loud., No. 121, 1947, 

13). 

Lavender perfume may be extracted from the semi- 
dried (lowering herb hy henzene. A solid concrete is 
obtainetl in 1.5 2.2'/., yield ; it is proce.ssed further to 
obtain the absolute (yield, 5o-6o"V,). Both concrete 
and absolute arc dark in colour and insoluble in 
dilute alcohol : they have better fixation value than 
distilled oil (Naves & Mazuyer, 208 ; Guenther, III, 

470)- 

Lavender oil obtained by steam-distillation of 
(lowering tops is a colourless, pale yellow or yellowish 
green lif|uid with a delightful fragrance and a pun- 
gent somewhat bitter, taste. Table 1 gives the ( harac- 
tcristics of French and English lavender oils. 'I’he oil 
distilled from dried flowers of plants grown in 
Kashmir had a .sp. gr.' ‘ of 0.919 ’ yield was 2 4^'.,. 
Lavender concrete (m.p. 32-39”) is a dark green solid 
with a mellow tenacious odour : it is partly soluble 
in 95'V. alcohol. The absolute (d'‘’\ 0.9390.968 ; 

1.467-1.486; acid val., 4.8-15.0: ester val.. 


45 



LAVANDULA 


76 -i ?6) is a thick viscous liquid, soluble in 95% 
alcohol (H.P.C.. 1959. 399 : Naves Ma/uyer, 
210-11 : Guenther, III, 470: Chopra rt al, J. sci. 
indnsir. Res., 1949. 8 , iS). 

TIu' principal constituent of lavender oil is linalyl 
acetate. French (»ils contain 3o-6o^\. acetate : Fnglish 
oils contain : a sample of oil from Kashmir 

contained 24.8“.. linalyl acetate. Other constituents 
present in the oil are: linalool, geraniol and its esters, 
lavandiilol, nerol. cineolc, caryophyllcne, coumarin 
(traces), limonene, /i-ocimene, furfural, ethyl amyl 
ketone, thujone, and pinocamphone. Solvent-extract- 
ed |)erfume contains iimhclliferone methyl ether 
(7-methoxy coumarin) and coumarin. Fnglish 
lavender oil ditlers from the French product in 
having a miu h lower ester content and an aj)preciahle 
pr()|)onion of cineole which imparts a characteristic 
|)imgency to the oil ((Guenther, 111. 463 70, 483: 
Chopra cl al., loc. cil. : Rep. essenl. Oils SchimmeL 
1947-48. 34 : Allen. IV, 68). 

Several grades of lavender oil are available in 
commerce and the (piality is mainly evaluated on the 
basis of its ester content (linalyl acetate) : English 
oils are judged by olfactory tests. Lavender oil is 
IVe(|uenrly adulterated with glyceryl acetate, lerpinyl 
acetate, ethyl citrate, ethyl phfhalate or ethyl 
succinate : many oils are cut with lavandin and 
spike oils ; adulteration with partially acetylate 
I lo oil is diliicult to detect (Guenther, III, 442, 
461 63: Poucher, 1, 244-4<; : Parry, I, 197; Allen, 
IV, 69). 


Oil of lavender is one of the most popular perfumes 
and has been in use since centuries. It is seldom used 
alone but serves in many blends, imparting a delight- 
fully fresh and sweet note. It forms an important 
constituent of lavender water, Eau de Cologne, toilet 
waters in general, and high grade perfumes. The hulk 
of oil is utilized in scenting soap. Lavender oil is 
frequently used in cosmetics and for flavouring 
candy, cakes and similar products. Concretes and 
absolutes are excellent fixatives and odoriferants and 
are used in toilet powders, soaps, bath salts, and 
similar preparations (Guenther, III, 491, 470-71 ; Hill, 
184, 447 : Poiicher, I, 245). 

Dried flowers retain their fragrance tor a long time 
and arc u.sed in sachets and pot pourie and for scent- 
ing chests, drawers, wardrobes and linens ; they arc 
also employed for flavouring candy, cakes and similar 
products. Leaves and flower buds are occasionally 
used for flavouring salads, dressings, fruit desserts, 
jelly and wine. Flowers are used in moth-re|)ellcnr 
preparations (RuU. Minisl. Ap^rie., Loud., No. 12 1, 
1947, 12 : Hill, 184, 447 ; Macmillan, 433 : Mucnscher 
Ik Rice, 87 ; Steiinnetz. 11, 268). 

Lavender oil is official in B.P. (1953), IJ.S.P. (1955) 
and various other |)harmaco|)oeias. It |)ossesses 
carminative and stimulant properties. It is occasion- 
ally used to cover disagreeable odours in oint- 
ments and other preparations. It is recommended 
as an insect repellent (U.S.D., 1955, 744 : B.P.C., 
*959* 399)- 

The annual consumption of lavender oil in India 


TABIT: 2— IMPORTS Of l.AVKNDFR OIL 






F.xporling ctmntrie.s 

(Qty) 


Total 

Tf)tal 



f 



X 

Qty 

Val. (Rs.) 



France 

U.K. 

Netherlands 

IT.S.A. 

Others 



1 94*1 

45 to 1948 49 (ax.) 

547 

249 


248 

52 

l,096* 

182,062 

1949 

50 t<» |9vl 54 (av.) 

1,404 

567 

48 

40 

280 

2..Vt9* 

299.516 

1954 

55 

n.:i. 

n.a. 

n.a. 

n.a. 

n.a. 

5,67.4* 

425,880 

1 955 

56 

n.a. 

n.a. 

n.a. 

n.a. 

n.a. 

5,366* 

491,555 

1956 

(April December) 

n.a. 

n.a. 

n.a. 

n.a. 

n.a. 

4,512* 

.S9 1,595 

1957 


26,210 

5..‘>9| 

662 


14,7.15 

47,l98t 

852.974 

1 95s 


16,452 

5.912 

45.1 


I5,.1I2 

.48.l09f 

656,997 

1 959 


16,926 

9,567 

260 


6.189 

52,94 2 1 

581,891 

I960 

(January March) 

6.292 

48 

592 


554 

7,486t 

71,786 

I960 

61 

18.416 

1.296 

201 


21.457 

51.570+ 

701.6.49 


A small <juamity of I.avtMKUT Water {907 gallons) valued at Ks. *10,845 was imported into Itidia in 1957 ; the quantities imported 
in 1958 and 1960 61 were negligible; no lavender water w'.as imported in 1959. 

* Ounntity in g.'illon. 

+ Quantity in lb. 
ii.a. nf>t available. 
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is .ibove 3(),o(K) lb. The entire (|uantity is imported. 
Table 2 gives the (|uantity and value of imports in 
recent years. 

L. stoechas Linn. French Lavender 
]).F.P., IV, 595 ; Bailey, 1947, II, 1829 ; Chaytor, 
/. Lifiti, Soc„ Bot., 1937-38, 51, 163. 

Hindi — Dharu ; Guj. — Lavenddra-ua-phula. 

Bombay — IJstukhudiisa, alphajau. 

A fragrant herb. 0.6 -0.9 m. high, native of the 
Mediterranean region, grown in some gardens in 
western India. Leaves sessile, ohlong-linear : flowers 
small, dark purple, in ilense short-peduncled spikes. 

Dried flowering tops, on steam-distillation, yield 
0.75% of a volatile oil possessing a strong camphora- 
ceous, somewhat harsh, odour suggestive of spike 
lavender and rosemary oils. 'Fhe characteristics of the 
French oil are as follows: sp. gr.'’\ 0.945-0.962; 
h'l’ 1 35 - 5 ^ 

13. 1-17.74 (‘d>er acetylation, 47.14) : sol. in 5 vol. and 
more of 60% alcohol. The oil contains 8o',V, ketones 
(rZ-camphor and ^/-fenchone) ; cineole and fenchyl 
alcohol and probably terpineol are present. Oils of 
Portuguese origin consist chiefly of esters and alcohols 
(Guenther, III, 515-18 ; Clicvi. Ahstr,, 1949, 43, 

The dried plant aiul flowers are medicinal : tliey 
are rej)orted to be imported into Bombay from the 
Persian Gulf. The flowers are used in perfumes, medi- 
cated pillows or cusliions, herb sachets and fumigat- 
ing powders. Oil of L. stoechas is |ircscribed in colic 
and chest' affections and for relieving biliousness and 
nervous headaches. It is used also as moth repelleni. 
Fomentation with flowers gives relief in rheumatic 
and neuralgic pains (Hocking, 124: Steinmetz. 11 , 
268 : Nadkarni, I. 730 ; Pauler, Perfum. cssent. Oil 
Rrc., 1956. 47, 232). 

Lavender — see Lavandula 

Lawson Cypress — .see Chamaecyparis 

LAWSONIA Linn. (Lythraceae) 

A monotypic genus, represented by L. inennis, 
native of North Africa and south-west Asia, widely 
cultivated as an ornamental and dye plant. 

L. inermis Linn. syn. L. nlha Lam. Henna, 

Ecyriian Privet 

D.E.P., IV, S97 : VI (i), 137 : C.P.. 706. 821 : FI. Br. 
Ind., II, 573. 

Sans, Mendikdy raktgarbha, ragaugi ; Arab.- - 
Hernia, al khanna; Hindi— Ben(;. — Meliedi, 


mendi ; Mar. — htendhi ; Gtrj. Medi, niendi ; Tei.. — 
Goranti ; Tam. — Maritfioiidi, maruthani ; Kan. — 
Mayilancin, gorante ; MAi,.Mailaiiclii, ponilasi ; 
Oriya — Benjali, 

Kash.mir — Molinz ; Punjab --A/e//;/ 7 i ; Mvndari 
Mhidi, hind, 

A glabrous, miicli branched shrtib or small tree 
with greyish brown bark. Leaves opposite, sub-sessile, 
elliptic or broadly lanceolate, entire, acute or obuise, 
often mucronulate : flowers numerous, sinail, white 
or rosc-coloure<l, fragrant, in large terminal pyramidal 
panicled cymes : capsule globose, about the size of a 
pea, with numerous, pyramidal, smooth seeds. 

L, inermis is ctiltivated in many tropical and warm 
temperate regions as a hedge plant. Large scale culti- 
vation for the sake of the leaves which yield the 
dye, is confined to India, Egypt and Sudan and to 
some extent, Persia, Madagascar, Pakistan and 
Australia. It is grown as a hedge plant throughout 
India : as a commercial dye crop, it is cidtivated 
mainly in Punjab and Gujarat, and to a small extent 
in Madhya Pradesh and Rajasthan. The more impor- 
tant centres of prodiution are: Faridabad in 
Gurgaon district (Punjab) and Bardoli and Madhi 
in Surat district (Gujarat) which togeiher account for 
87% of the total production of henna leaves (Roberts 
tV Kartar Singh. 495 : Agric, Marketing India, No. 86, 
Brochure Marketing Henna, 1955, 1-2). 

Cultivation — Henna |)lant grows on any type {)f 
soil, from light loam to clay loam, hut does best on 
heavy .soils which are retentive of moisture. It tole- 
rates a little alkalinity in the .soil. Propagation is done 
hy seeds and cuttings. Seeds are sown in nursery beds, 
kept flooded with water for some days before sowing. 
They are first soaked in water for 20-25 days with 
fre(|uem changes of water for sprouting and then 
sown in March-April. Three to five .seers of seeds are 
re(|uired to raise enough .seedlings to cover one acre. 
When seedlings are i^i-i ft. high, they are trans- 
planted in the held (in July -August) after cutting 
out the roots and shoots. They may be planted singly 
or 2-3 together in holes at a spacing of 12 inches in 
irrigated lands and 6 inches in unirrigated lands. 
Daily irrigation is nece.ssary in the initial stages. The 
field is occasionally hoed and weeded. Once establish- 
ed, the plants continue to flourish and yield sucressivc 
crops of leaves for several years : some plantations are 
reported to be in continuous yield for 100 years. For 
hedging, propagation by cuttings is convenient 
(RolKTts Kartar Singh, 495-96 : Brochure Market- 
ing Henna, 1955, 2). 
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L. incrmis is siihjci l lo black rot disease, caused by 
i'ortuinni A’o/cro^^/ (C\)oke) V. llocbn. A bacterial 
leal spot, caused by XtiulliotHonas l(iivs()}iicHC l^atel, 
Bbatr & Kulkarni, has been reported from Baroda 
(hul'uni J. .SV/., 1950, 20, 107 ; l^itel ct al, Curr. 
.S\/., 1951, 20, 32b). 

'riie cro|) is iiarvested twice a year (April-May and 
()cto!)er -November) from the second year onwards. 
'Tbe plant is cut close to the ground, dried in sliade 
and leaves separated by beating (Brochure Markctififf 
Hoiud, 1955. 3)- 

The yield of dry leaves is low during the first 2 3 
years and varies from 2 to 10 md. per acre ; it in- 
creases later to 13-20 md. The yield from irrigated 
lields is reported to be 25 md. per acre per annum, 
riie barvesi during October-November (summer 
crop) accounts for 75-S574 of the total annual yield 
(Roberts Kartar Singb, 496 ; Brochure Marketing 
ilcufui, 1955, -)• 

L>scs — Henna has long been used in India and 
Middle Kast countries for (oloiiring jialms of bands, 
soles of feet and linger nails. It is useii also for dyeing 
hair, beard and eye brows, for personal ailornment. 
'I'ails and manes of horses are sometimes dyed with 
liemia, which is also used for colouring leathers and 
skins. 

For use as colouring material, henna powder is 
pasted with water and applied to the part to be dyed, 
f'or dyeing hair it is a|)plied as a pack : it acts as a 
substantive dye for keratin and imparts an orange- 
red colour. It is barmic'ss and causes no irritation of 
skin. Mixture of lienna with indigo, logwood or any 
other natural plant colouring matter gives C'om- 
poimd Henna iiserl by hair dres.sers as vegetable pack. 
A mixture of i part of henna and 2 parts of indigo, 
I lenna-Reng as it is called, imparts a brown tint, while 
benna-reng containing 1 part of henna and 3 parts 
of indigo gives a dark brown colour. Henna Rasticks 
contain certain metallic salts and phenolic compounds 
like aminopbenol and pyrogallol ; they are com- 
pounded to produce any desired shade from blond 
to black. C’ompounded hennas may contain copper 
salts. /)-pbenylenediamine and burnt sienna (llill, 
129: Brochure Markcii)i^ Ilcwia, ic;55, 7-S ; Milne 
ct ul., ji ; Kirk Otbiner, XIV, 170, 176: Thorpe, 
VI, 171 ; Boucher, III, S3). 

Henna was once extensively used for dyeing silk 
and wool. A wide range of colours may be imparted 
by treating henna-dyed fabrics in acid baths contain- 
ing potassium dichromate, ferrous sidphate, stannous 
chloride or alum. Cc.iton hanks previously treated 


with acidified ferrous sulphate solution arc coloured 
cement-grey when dyed with henna extract. The use 
of henna as a textile dye has declined since the 
advent of synthetic dyestuffs (Rehsi & Daruvala, /. 
.sc/, iudustr. Res., ic;57, 16A, 428). 

Henna leaves are used as a prophylactic against 
skin diseases. They have astringent properties. They 
are used externally in the form of a paste or decoc- 
tion against boils, burns, bruises and skin inllamma- 
lions. A decoction is used as gargle for relaxed sore 
throat. Alcoholic extracts of henna leaves show mild 
antibacterial activity against Micrococcus pyofreues 
var. aureus and Escherichia coli (Kirt. & Basil, IT, 
1078-79: Burkill, II, 1324: Cieorge cl al., J. sci. 
iudustr. Res., 1947, 4-)* 

Analysis of air-dried leaf powder (from Punjab) 
gave the following average value's: moisture, 8.97 ; 
ash, 14.85: and tannin, 10.21%. The tannin content 
appears to be very variable : a sample from Jammu 

Kashmir contained 4.9V,, tannin. Henna contains 
25 33';(, water-soluble matter: acpieous solutions are 
orange in colour and show a green fluorescence. The 
princi|)al colouring matter is lawsone, 2-hydroxy- 
I : 4-naphtha(iuinone (C,„ll,.0:p m.p. ic^cV" decomp.) 
whic h is present in dried leaves in a concentration of 
1, 0-1.4';,.. Henna extracts are useful for dyeing in 
acid baths : alkalis intensify the colour but destroy 
the dyeing properties. Processes for the extraction of 
lawsone from henna have been patented. Law.sonc 
has al.so been synthesised |Siraj-ud-Hin, Punjab Fr. /., 
i(;57, 21(77), 17 : wSiiigh ct al., Indian For., h; 58 , 84, 
571: B.J\C., 1934. 588: (diem. Ahstr., 1938, 32, 
6399 : Thorpe, VI, 204 : Lai & Dutt, /. Indian chcni. 
Soc., 1(933, 10 , 577 : Poiicher, I, 204 : Jain & Seshadri, 
Proc. Indian Acad. Sci., 1952, 35A, 233]. 

Besides lawsone, other constituents present in 
henna are: gallic acid, glucose, mannitol, fat, resin 
(2 'm), mucilage and tracos of an alkaloid (Chem. 
Ahslr., 1938, 32, 6399 : Youngken, 585 : Quisumbing, 
^H3). 

1 he flowers of henna plant have a strong aroma 
and yield, on steam-distillation, 0.0 1 0.02% of an 
e.ssential oil (sp. gr.*'’\ 0.9423 : , 1-520), with brown 

or dark brown colour and a strong fragrance sug- 
gestive of lea rose and mignonette (Reseda odorata 
Linn.). Henna or mehndi oil has been u.sed in per- 
fumery since ancient times and is rejjorted to be 
extracted on a commercial scale in Taicknow and 
Banaras. It consists mainly (90%) of a- and /i-ionones 
(ratio 1:4): a nitrogenous compound and a resin arc 
present. Fxtraction of Howers with bcn/cnc yields 
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1.65% of a semi-solid concrete (acid val., 16.8 ; ester 
val.» 62.0) with an agreeable odour, somewhat pheno- 
lic and very tenacious [Krishna & Badhwar, 
/. sci. industr. Res,, 1950, 9A(4), suppL, 239 ; 
Burkill, II, 1325 ; Antia & Kaushal, Curr. Scu, 1950, 
19 , 284 ; Baslas, /. Indian chem, Soc,, 1954, 31 , 705 ; 
Naves & Mazuyer, 27a ; Chem, Abstr,, 1944, 38 , 

3085!- 

Analysis of henna seeds gave the following values : 
moisture, 10.6; protein, 5.0; fatty oil, lo-ii ; carbo- 
hydrates, 33.62 ; fibre, 33.55 ; and ash, 4.75%. Extrac- 
tion of the seeds with petroleum ether yields a non- 
drying viscous oil, with the following characteristics : 
sp. gr.*®*, 0.9545; 1.4895; sap. val., 149.0; iod. 

val., 59.98 ; acid val., 18.2 ; acet. val., 9.2 ; and un- 
sapon. matter, 10.5%. The fatty acid composition of 
the oil is as follows: behenic, 1.69; arachidic, 9.6; 
stearic, 15.78 ; palmitic, 9.07 ; oleic, 34.66 ; and linoleic, 
29.31%. The unsapon. matter contains waxes and 
colouring* matter. The oil is reported to be used in 
Uganda for anointing the body. The root contains a 
red colouring matter (Wehmer, II, 816; Agrawal 
et al, Indian Oil & Soap /., 1959-60, 25 , 145 ; Burkill, 
II» 1325 ; Perkin & Everest, 632). 

The wood is grey, hard and close-grained. It is used 
for tool handles and tent pegs. Twigs arc used in 
Indonesia for cleansing teeth (Burkill, II, 1325). 

Production of Henna & Trade — ^Details relating to 
the acreage under henna cultivation in different 
Indian States are not available. The annual produc- 
tion of dried leaves is estimated at 65,(xx>-7o,ooo md. 
The major producer is Punjab (31,000-32,000 md.) 


followed by Gujarat (26,000-29,000 md.), Madhya 
Pradesh (5,000-5,500 md.) and Rajasthan (3,000- 
3,500 md.) (Brochure Marketing Henna, 1955, 1). 

About 15% of the total production is consumed 
within the country in the form of powder ; the rest 
is exported in the form of dried leaves or powder. 
The principal importing countries arc France, Syria, 
Algeria, Tunis, Bahrein and Jordan. France is the 
chief importer of henna leaves followed by U.K. ; 
henna powder is imported by Middle East countries, 
northern Africa and U.S.A. Statistics of henna exports 
are available from 1957 onwards (Table i) though 
figures for leaves and powder arc not separately avail- 
able. For export, leaves are pressed into bales each 
weighing 3 cwt. and covered with hessian cloth. Henna 
powder is packed in double gunny bags of the capacity 
of 160 11 ). net of powder (Brochure Marketing Henna, 
> 955 » 5 » 7 - 9 » 11-12), 

Three grades or (qualities of henna are recognized 
in the trade and designated Delhi, Gujarat (also 
known as Bombay) and Malva. Henna of Delhi 
quality is marketed in the form of powder and the 
principal marketing centre is Faridabad. Primary 
producers sell leaves to merchants, who, after clean- 
ing, dispose of the produce to factories in Faridabad 
for conversion into powder. Gujarat henna is available 
in the form of leaves ; the produce is collected from 
villages by itinerant merchants who send it to Bombay 
for export ; one processing factory is located in Madhi 
(Surat dist.). Malva henna is the produce of Rajas- 
than, the main trading centre being Bhawani mandi 
near Kotah ; it is marketed in the form of powder. 




TABLE 

l-EXPORTS 

OF HENNA LEAVES 

AND POWDER 




Tmporting 

countries 

19S7 

A 



1958 

1959 

JL 



1960 

Qtv 

(cwt.) 

VaL 

CRs.) 

bty 

(cwt.) 

Val.' 

(Hs.) 

Qty 

(cwt.) 

Val.' 

(Rs.) 

Qty 

(cwt.) 

Val.’ 

(R».) 

France 

10,815 

293,665 

16.838 

617,203 

.30,914 

1,154,086 

12,864 

505,785 

Syria 

1,413 

46,991 

1,010 

35,600 

3,720 

174,327 

.3,488 

154,953 

Jordan 

1,905 

.56,308 

.361 

9.294 

400 

12,234 

60 

1,836 

Bahrein 

561 

14,150 

931 

33,884 

500 

21, .594 

81 

3,621 

Algeria 


. . 

1,096 

53.032 

9,913 

372,687 

25,542 

886,172 

Tunis 

1,666 

116,448 

2,2.39 

125,504 

780 

47,047 

2,625 

117,194 

Tangier 

639 

22,616 

300 

10,239 

100 

4,267 


. . 

U.K. 

563 

14,.314 

247 

8,034 

384 

11,773 

181 

5,256 

U.S.A. 

995 

28,301 

800 

28,1.58 

• 188 

9.488 

560 

25,312 

Others 

419 

14,998 

.346 

15,330 

3.818 

182,971 

15,341 

850,124 

Total 

18,976 

607,791 

24,168 

936,278 

50,717 

1,990,474 

60,742 

2,550,253 
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TABI.H 2-WHOLfcSALE PRICES OF 
HENNA POWDER IN DELHI 

DIFFERENT BRANDS 
(FEBRUARY 19W)* 

Hrand 

Price per md. 
(Rs.) 

Copal Clihap 

47.00 

UK. 

45.00 

PJiool 

43.00 

Suiihiiri Phool 

42.00 

K.K. 

40.00 42.00 

Khujran 

38.00 

Tata 

36.00 

Saianki Uahar 

35.00 

Om 

34.00-35.50 

Hans 

34.00 

Sahaz Pari 

31.00 

Rat Ki Rani 

31.00 

Siva si Hi 

.^0.00 31.50 

1.0 1 us 

28.00 

Sunder Phool 

27.00 

Slier 

27.00 

Suraj 

J 8.00-2 1.00 


* Iiirorinalion from Messrs. Ihtnsifihar Rittnf^opal, IVIhi. 

Delhi henna is superior to others in dye content; 
Malva henna and Gujarat henna follow in order 
[Brochure Marketing Henna, 1955, 2-^, 8 ; Informa- 
tion from Messrs. Bansidhar Ramgopal, Delhi). 

rhe <|uality of henna powder is determined by its 
colour, purity and lineness. Manufacturers market 
their produce under dilTercnt trade marks. More than 
15 hrands are available in Delhi market (Table 2) ; 
the best among them contains c. 95% henna. Henna 
[)owtler is adulterated with sand, stems and fruits of 
henna plant and luisks of paddy, arhar and moong, 
etc. Leaves are sometimes adulterated with the leaves 
and twigs of other shrubs [Brochure Marketing 
Heufia, 1955, 5 7 : Roberts & Kartar Singh, 496). 

The chief competitors to Indian henna in the export 
marker are Kgypfian and Sudanese products. Indian 
henna powder is reported to contain an unusually 
high percentage of impurities : the (pialities of Suda- 
nese henna leaves arc superior and are reported to 
be available at prices lower than that of the Indian 
product (Brochure Marketing Henna, 1955, 11). 

Prices — 1 lie wholesale prices of henna leaves quoted 
in Delhi range from Rs. 38.00 to Rs. 45.(x> per md. 
(^Velnuary 1959). Whclesale prices of powder are very 


variable and range from Rs. 47.00 per md. for 95% 
pure henna to Rs. 18.00 per md. for inferior grades 
(Table 2). Henna prices arc greatly influenced by the 
prices prevailing in importing countries (Information 
from Messrs. Bamidhar Ramgopal, Delhi). 

LEAD ORES 

Lead is a soft, heavy and noncorrosive metal, known 
since ancient times. It is an important industrial metal, 
though it is present only to a small extent (<0.05%) 
in the earth’s crust. It occurs mainly in the form of 
sulphide, galena ; ccrussitc and anglesite formed by 
the alteration of the primary sulphide ore are also 
of some importance. Other lead minerals are of little 
com mere! a 1 sign i fica nee. 

The majority of lead deposits occur in sedimentary 
rocks in the form of lodes or veins. They may occur 
as replacements and disseminations in limestone and 
dolomiic and, in a few cases, as residual deposits 
resulting from the solution of carbonate locks. 

Galena (PbS : Pb, 86.6% ; sp. gr., 7.4-7.6 ; H., 
2.5-2.75) is the most important lead ore. It occurs as 
grey cubic crystals or in massive or granular form. It 
is usually found in intimate association with sphalerite 
(ZnS) and often contains silver. If the content of 
silver exceeds 1%, the mineral is called Argentiferous 
galena. Other metals which may be present in lead 
dej)osits are copper, gold and vanadium. 

Galena occurs in lodes and veins, usually formed l)y 
complete or partial replacement of a pre-existing rock 
by ore-bearing solutions ; it sometimes occurs also as 
disseminations in country rock. The gangue minerals 
in galena veins are quartz, caicite, dolomite, siderite, 
fluorite or barite. 

Ccrussitc (PbCO;, ; Pb, 77.5% ; sp. gr., 6.46-6.57 ; 11 ., 
3.0 3.5) is a white or greyish white mineral usually 
found in massive form or as prismatic crystals. It is 
a mineral of secondary origin derived from galena 
which is first oxidized to lead sulphate (anglesite) and 
then decomposed by carbonated waters itito carbon- 
ate. The mineral occurs in association with galena and 
anglesite. 

Anglesite (PbSGj : Pb, 68.3% ; sp. gr., 6.30-6.39 ; 
H., 2.75-3.0) is a white, yellow, grey or green coloured 
prismatic or orthorhombic crystalline mineral, found 
in association with galena in the upper strata of lead 
veins ; it is rarer than cerussite as it is readily trans- 
formed into carbonate. 

Pyromorphife (3Pb,Pjj(\.PbCl2 ; sp. gr., 6.5-7. i ; 
II., 3.5-4.0) is a green, yellow or brown coloured 
prismatic mineral showing a resinous lustre. It is 
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occasionally found in small (juanfities along with 
other secondary lead minerals in the oxidized zones 
of lead veins. 

jamesonite (2PbS.Sh2S.» ; Ph, 50.8% ; Sh, 29.5% ; 
sp. gr., 5.5~6 .o : IL, 2.0-3.0) is a dark grey coloured 
mineral with acicular or fibrous habit. It is occasional- 
ly found in veins associated with antimony tri- 
sulphide (stihnite) or copper antimony-sulphide (tetra- 
hedrite). 

Zinkeniie (PhS.ShaS., ; Ph, 35.9% : Sh, 41.8% : 
sp* R**- 5**~5-35' W*’ .V^^ ’3-5) steel-grey coloured 
opaque mineral, sometimes found associated with 
jamesonite. 

Large deposits of galena, associated with cerussite 
and anglesiie, occur in the United States of America, 
Australia, Mexico, (Canada, U.S.S.R. and a few other 
countries. Table i gives the world production of lead 
ores in recent years. Production in India is compara- 
t\ ve\y insignificant . 

TABI.E l-WORl.D PROOIJCTION OF LEAD ORES (Pb content)* 
(Qiy in thousand incrric tons) 



I9.S5 

1956 

1957 

I958t 

I’nitvil .Stairs 

.506.6 

520.1 

506.8 

242.6 

Australia 

.500.7 

504.5 

558.6 

552.5 

Mfxicu 

210.8 

199.6 

214.9 

201.9 

Can.'ida 

18.L9 

I7I..5 

164.6 

168.5 

Peru 

•118.8 

129.1 

157.2 

121.4 

Yii);oslavia 

90.1 

87.5 

90.1 

89.8 

.Morocru 

89.5 

88.6 

92.8 

95.8 

South Wrsi Africa 

79.0 

78.1 

85.1 

76.0 

Ciermany 

67.4 

65.5 

71.1 

60.9 

Spain 

6.L6 

59.5 

65.2 

70.1 

Hulgaria 

51.7 

61.0 

69.0 

78.0 

Italy 

48.2 

49.8 

5k8 

58.1 

Riirina 

28.5 

28.9 

27.4 

55.4 

Japan 

26.2 

29.5 

56.1 

.56.7 

trail 

18.2 

51.6 

50.4 


India 

2.5 

2.9 

5.6 

5.9t 

Others** 

244.7 

552.9 

265.5 

500.6 

Tofal^l 

1,9.^0.0 

1,940.0 

2,0.S0.0 

1,970.0 


* Statistical Yearbook, United Nations, New York, 1959, 158. 
t Provisional. 

t Final estimates. 4.5 thousand metric tons. 

•• Including Poland, Sweden, 'I'unisia, Bolivia, Argentina, 
Northern Rhodesia, Rumania, Algeria, etc. 
f Excluding U.S.S.R. 


Occurrence and Distribuhox 

Lead ore deposits occur in Andhra Pradesh, Assam, 
Bihar, Kashmir, Madliya Pradesh, Rajasthan and a 
few other States. Of these, the deposits of Zawar 
(Rajastlian) arc worked at present. 

Andhra Pradesh — In Cuddapah district, galena 
occurs in quartz veins at fangamrajupali (14*^46': 

Nagasanipalli ( 1 4*^42' : 78"49'), Kothir (i 4 \ 56 ': 
78”45') and Chinuaorampad (14^31' : 79° 14'). I.ead 
deposits have Ix^en found in Guntur district near 
Karampudi (16^26': 79'’ 33'), and in Agnigiindala area. 

In Kurnool district, galena associated with barytes 
occurs in (piartz veins at Basavapiirani (i^‘’24L- 
78^38') and Koilkiinila (i5°iy :7«"u/). The ore in 
all the deposits is of poor (piality and the (piantity 
available is also limited (Krishnan, Mem. gcol. Surv. 
India, 1951, 80 , 157 ; Dewan, 57). 

Assam — Argentiferous galena occurs in Bor Khainti 
in Ahor hills, N.K.F.A. ; detailed information is 
lacking. Galena is also found in granitic boulders 
south of Umwang (25°4i' : 92"" 12') in Khasi and 
Jainiia hills jOutt, Indian Min. /., 1957, 5 (io), 32: 
Bradshaw, Rec. genl. Surv. India, 1934, 68(1), 39]. 

Bihar — Galena associated with .silver occurs in 
numerous small patches in various parts of Ha/ari- 
hagh, Manbhum, Bhagalpur, Ranc hi and vSinghbhum 
districts. The deposits may he grouped under two k 
belts: one running across north Singhhhuin and ^ 
south Manbhum in the southern part of the Stare, 
and the other extending from Palamau district 
through Hazaribagh and Monghyr districts into soiitli 
Bliagalpur district and Santal Parganas. Most of the 
tK'ciirrcnccs seem to have no commercial importance. 

A few, however, merit detailed prospecting | Jacob & 
Mahadevan, Indian Min. /., 1957, 5(io), 53]. 

In Singhhhuin district, galena is fcnind associated 
with auriferous (juariz veins of Paliardiali (22°3o': 

85° if/) and Saiisal (22*^37': 85® 17'). Samples from a 
vein near Pahardiah contained 79.3‘V. lead with 34 oz. 

2 dwt. 17 gr. silver and ii oz. 2 dwt. 3 gr. gold per 
ton of load. Small pockets of galena containing 78.46% 
lead are found associated with copper pyritc and iron 
pyrite in a hill north-east of Amda (22°43':85°44'). 

In Manhhum district, galena occurs as superficial 
deposits in small lenticular masses at several localities 
within a radius of 6 miles from Dhadka (22^48' : 
86^34'). Associated with galena, arc cerussite, iron 
pyrite, copper pyrite and sideritc. From a similar 
deposit at Bcldi (23^3' : 86° 18'). 267 tons of ore, yield- 
ing about 90 tons of lead and small (|uantities of gold 
and silver, were extracted in 1904 and 1905. 
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In Bhagalpur district, argentiferous galena occurs 
in several localities notably at Diidhijharna (24^53': 
SY)°45'). Karda (24^46' :86°43'), Kajuria (24^42': 
86^44'), Phaga (24'' 46' : 86^56') and Kharikhar 
(24°5o' : 86"45'). A surface sample from Diidhijharna 
contained 7 1 % lead with 42 oz. 3 dwt. silver per ton 
of lead ; samples from Phaga deposit analysed to 
about 72*^.-. lead. Pyromorphifc is reported to occur 
at Chanduii (24''37':86‘'4o') (Dunn. Mem. geol Surv. 
Indiii. 1941, 78, 162 : Coulson, Rec. geol. Surv. India, 
1929, 62 ( 2 ), 291 j. 

In Hazaribagh district, galena occurs in the Patru 
stream near Gulgo (24‘'24': 86° 25^30") and at Parasiya 
(24° 10' : 85°48'), Hisaiii (24°o' : 85° i'), Nyatand 
(24^30' ; 85^43') and Baragunda (24°5':86°7'). The 
specimens from Hisaiu deposit contain 47.02% lead 
and 4.7% antimony. Fragments of cerussite are found 
near Baramasia (24^20' : 86° 16') and Nawadih 
(24°29':86°22') (Dunn. Mem. geol. Surv. India, 1941, 
78, 161). 

In Ranchi district, galena has been recorded from 
Sili (23^21' :85°5 o') and Silvvai (23°23':85°27'). 

In Santal Parganas, galena occurs in Panch Pabar 
(24^38': 87° 10') and Bhairukhi (24^36' : 86^36') (Dunn, 
Mem. geol. Surv. India, 1941, 78, 162). 

Gujarat --In Panch Mahals, irregular thin veins 
and stringers of (luartz-argentiferous galena occur 
c. half a mile north-east of Khandia (22 °k/: 73°35') in 
the former Bhamria state. There are two parallel 
mineralized zones about a furlong apart and extend- 
ing for about half a mile ; the width of one of the 
/ones varies from 2 to 4 ft. Traces of galena in asso- 
ciation with wolfram, chalcopyrite and iron pyrite 
occur near Jher (22°35': 73°42') and Palla (23°34'; 
73°42') in Baria. The deposits are not of any economic 
importance. 

In Chota Udaipur, traces of galena, analysing to 
78.2 Vo lead and 6.21-15.03 oz. silver per ton, occur 
near Khatas (22°3o':73°5o') (Roy, 1951, 138). 

In Kathiawar, galena associated with chalcopyrite, 
bornite, tetrahedritc and malachite occurs in a cjuartz 
vein at Bancj Nes (2i°3': 7o°53') in Gir Forest. The 
vein ranges in width from a few inches up to i ft. 
and extends for a considerable distance. A specimen 
of lead ore from this area analysed to 81.68% lead 
and 9.2 oz. of silver per ton. Further exploration of 
the area has been recommended (Roy, 1953, 159). 

Himachal Pradesh— GiiXcna occurs in Sirraur 
district at Aiyur (30^46' : 77^46') in a well defined lode 
c. 2 ft. in width. Small occurrences of galena arc also 
found in Amba f3o°38'3o''-77°27'3o"), Kakag 


(3«°38' *. 76^26') and Kando (3o°38'3o" : 77^27') 
(Dewan, 57). 

Kashmir — In Baramula district, galena occurs in 
nodular masses, stringers and patches in a locality 
about 3 miles south-east of Buniyar (34^6' : 74° 12') and 
near Limbar, 2*/i miles north-west of Buniyar. The 
mineralization is confined to quartz veins and strin- 
gers in the Buniyar area. Analysis of galena from 
the former locality gave 65.5% lead and 30 oz. 18 dwt. 
of silver per short ton. 

In Udhampur district, ancient lead mines are situat- 
ed at Nigotc. Fissure veins and disseminations of 
galena occur over a length of 2 miles in the Great 
lamestone formation at a depth of 4-20 ft. below the 
surface. Due to the erratic nature of mineralization, 
no estimate of total reserves is available [Mehta, 
Indian Mm. J., 1957, 5 (io), 61]. 

Madhya Pradesh — In Bilaspur district, galena 
occurs sparsely distributed in a bed of limestone in 
Mahanadi river at Padampur (21 “45': 83^37'). 

In Drug district, galena associated with fluorite 
occurs in a quartz vein at Chandi Dongri (20^4': 
8 o° 37'). The proportion of galena in the vein is 
reported to be small. Traces of galena also occur near 
Muhripar (21^21': 8o°52'), Thelkadand (2o°37' : 
8 o° 45') Karamtara (2o°4i':8o°48'). 

In Jabalpur district, galena occurs in association 
with copper pyrite and some other minerals at 
Sleemanabad (23^38' : 80° 19'). In Hoshangabad 
district, small quantities of argentiferous galena occur 
disseminated in limestone at Joga Khurd (22^24': 

76°5i')- . 

In Shivpuri district, galena occurs as small veinlets, 
patches and streaks at Andar (25°32': 78°6'), about 7 
miles north-west of Karera on the Jhansi-Shivpuri 
Road. The deposit was worked for some time but 
abandoned later. 

In Gird (Gwalior) district, small amounts of galena 
occur at Badhano (26°6':78°25'), Karaia (25^54' : 
78^4') and Raghunathpur (26^4': 78^20'). In Dewas 
district, galena occurs sparsely distributed near 
Nimawar and Joga (22^26': 76^48'). These occur- 
rences are of no economic importance (Roy Chow- 
dhury. Bull. geol. Surv. India, Ser. A, No. 10, 1955, 
43 )- 

Mysore — In Hospet taluk (Bellary dist.), lead ore 
has been found at Mctri 76‘^37')> about 25 

miles north-west of Bellary town, in commercially ex- 
ploitable (juantitics. Ore samples assay 82.53% lead, 
12.77% sulphur and 2.71 oz./ton of silver. Estimates 
of reserves of ore in the deposits are not available. 
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Galena has also been found in the quartz veins west 
of Konagavalli in Shimoga district [Coggin Brown & 
J)ey, 156 ; Rao, Rec\ Mysore geoL Dep., 1954, 49 (i), 
46 |. 

Orissa — In Samhalpur district, argentiferous galena 
occurs in a vein of quartz, 16-19 in. wide, in the bed 
of Mahanadi river at Jhuman (2 1^32': 83° 54'). 

In Sundergarh district, veins and stringers of galena 
occur in association with copper pyrite, malachite 
and pyromorphite near Sargipali (22°3':83®55'). 
Traces of galena also occur in former Jashpur 
state near Biindurchua (22^41' :83°54'), Singibahal 
(22*^33': 84^0') and Phardbahar (22^25' :83°55'). The 
deposits are of no economic importance. 

Punjab — In Kangra district, quartz veins contain- 
ing galena, pyrite and arsenopyrite traverse the slates 
at Jhari (32°o' : 77° 18'). Galena occurs in massive form 
associated with silver and gold at Saugthan, 5 miles 
from Jhari, and as argentiferous hnles near Manikarn 
(32°2': 77''25'). Near the latter area, the lodes at 
Khanor Khud, Uchich and Chong appear quite 
promising. 

In Spiti area, galena occurs as small isolated cubes 
in a small (|Liartz vein between Po (32^3': 78°23') and 
J )andkhar (32^5' : 78® 16'). 

In Simla district, old leatl mines exist at Sar 
(.V^° 5 .V* 77 °* 5 )» *'*^^*' Subathu and at Basantpur 
(31° 12' 30": 77® 14'). Galena bearing lodes sometimes 
carry copper minerals and traces of gold and silver 
(Dewan, 57). 

Rajasthaii — Lead ore occurs at several places in the 
State. The most important deposit occurs at Zawar 
(24°2r: 73^45') in Udaipur district and is about 15 
miles due south of Udaipur city. The ore is being 
mined and concentrated at the mine site at Zawar ; 
the concentrate is sent to Tundoo in Bihar for 
extraction of lead metal. 

The Zawar depo.sir occurs in a group of 10-12 hills 
with many ancient mine workings. Extensive and 
deep workings occur in Mochia Mangra, Baror 
Mangra and Zawar Mala hills. At present only the 
Mochia Mangra hill is being worked : attempts are 
being made to start operations at Zawar Mala. The 
ore consists mainly of argentiferous galena and 
sphalerite, associated with pyrite, aresenopyrite, chal- 
copyrite, quartz and crystalline dolomite. Mineraliza- 
tion appears to continue down to a depth of 1,000 ft. 
or more. The average gr<ide of the run-of-mine ore 
contains 8.5% metal content of which lead is 3-4% 
and zinc, 4.5-5.j%. 

The proved and estimated ore reserves at Mochia 


Mangra are 700,000 tons of A grade ore (Pb, 5.25% 
and Zn, 7.25‘Xi) and 2 million tons of B grade ore 
(Pb, 1.9% and Zn, 3.8%). Probable reserves of lower 
grade ore, containing 3% or more of lead and zinc, 
have been estimated at 8 million tons {Mineral Pro- 
duction in India, Indian Bureau of Mines, 1957, 101 ; 
Roy, Mem, geoL Surv. India, 1959, 86, 31 1). 

In addition to Zawar deposits, galena has been 
recently located at Rikhabdeo (24° 15': 73^40') and 
Debar! (24^37' : 73^36') Udaipur district. F'urther 

prospecting is in progress (Sethi, 34). 

In Dungarpur district, evidence of lead ore veins 
associated with (piartz has been found at Ghughra 
and Mando (73°54^' 23"46'). In Banswara district, lead 
ores occur at Wardipura and Kadbalia. In the latter 
deposit galena occurs as an ore-shoot in granite-gneiss 
and was worked in 1944. 

In Sawai Madhopur district (Jaipur division), 
galena and cerussite occur at Chauth-ka-Barwara 
(26^3' : 76® 12') ; cerussite forms the bulk near the 
surface, galena is found c. 20 ft. below the surface 
and increases with depth. Further exploration to 
prove the extent of lode has been recommended. In 
Alwar district, galena occurs in small quantities at 
Gudha (27^21': 76°2 o') : lead ore has also been record- 
ed at Judawas (27^21': 76°22') (Sethi, 35 ; Roy, Mem. 
geoL Surv. India, 1959, 86, 204, 203). 

In Ajmer-Merwara abandoned lead workings arc 
found at the base of Taragarh hill in Ajmer 
(26^27' :74®4o'). The ore occurs in parallel veins and 
consists of anglesite, cerussite and galena. The mine 
was operated from 1818 to 1846 and produced 
annually 340-400 tons of lead. Galena also occurs as 
disseminations near Satana (25°58' : 74''4o'), Sawar 
(25°45':75 °i 6') and Ganeshpura (26*^ i': 74^42') (Roy, 
Mem. geol. Surv. India, 1959, 86, 202). 

Uttar Pradesh — In Dehra Dun district, several old 
mines arc situated in the Tons river valley e. 25 miles 
from Kalsi (3o°32':77"54'). Lead is also reported to 
occur at Kuma (30^4 1': 78° 6'), Kharsi (3o°45': 78^2'), 
Konain (3o°47': 77°57') and Mudhaul (3o°56' : 77°5i'), 

In Almora district, sizable lead ore deposits occur 
in Patti Kharahi area. Explorations have been 
recently carried out at Chhanapani, ^4 north- 
west of Chaugaon Chhinna (29^47': 79^46'), and 
Shishkhani (29°48' : 79°45') in the area. In the former 
locality, the lead-bearing zone is approximately 
200 yd. X 200 yd. and the ore contains, on an average, 
6% lead. The mineralized zone, in Shishkhani area 
is 500 yd. X 150 yd. with an average lead content of 
1%. The area apj)cars promising (/. sci industr. Res., 
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1955, 14A, 551 : Narayana Rao, Mineral Wealth of 
Uttar Pradesh, 1956, 5). 

In Tchri-Garhwal disrrief, galena occurs in a quartz 
vein at l^indki (3o°55' : 78^25') ; further prospecting 
is necessary to prove its persistence in depth [Dutt, 
Rec. ffcol. Surv. India, 1950, 83(i), 135]. 

Mixrxc AXD Bexefk:iatiox 

The Zawar deposits were worked continuously for 
over 400 years, from the end of the fourteenth 
century to itS 12-13. 'I'hc ore was extracted from de- 
tached pockets or hollows at the surface. Attempts 
to open up old workings were made during World 
War II, first hy Mewar Mineral Co„ Udaipur, during 
1940-42 and later by the Geological Survey of India 
hetwei'ii 1942 and 1945. latter undertook exten- 
sive exploration of the Mochia Mangra hill hut gave 
it up at the close of the war. The area was subsc- 
([iiently leased out to Metal Corporation of India. At 
present the ore is mined from the Mochia Mangra 
deposit and concentrated at the mine site. 

The deposit is worked by driving tunnels below 
the sites of ancient workings ; out of the five adit 
sites selected, only one adit has exposed workable 
deposits. The mine is worked by shrinkage stope and 
sub-level stoping. The ore was being concentrated by 
hand picking up to 1950 ; ore dressing mill has since 
been set up and the ore is now beneficiated by 
mechanical means. 

Beneficiatiofi — The economic minerals present in 
the ore are galena containing a small (piantity of 
silver, anti sphalerite associatetl with a little cad- 
mium ; the gangue minerals are dolomite, quartz 
and pyrite. 'Flie average grade ore worked in recent 
years assays 3-4'\', leail, 4.5-5.5‘.‘o zinc and 4 6 oz./ 
ton silver. The run-of-minc ore is trammed to the 
crushing mill shed and discharged on a 8 in. grizzly. 
The over-size is reduced to hits hy sledge hammering 
and crushed, in three stages, to ^ in. size by passing 
through a jaw crusher and two reduction crushers. 

1 he stray iron particles arc removed from the crush- 
ed ore with the help of a circular magnet, the ore 
is then passed via a conveyor belt to ball mills. The 
crushed ore is ground in closed circuits with classi- 
fiers and concentrated by Denver flotation cells using 
zinc sulphate and sodium cyanide as depressants for 
sphalerite, potassium ethyl xanthjite as collector and 
cresylic acid as frother. Galena floats up and is 
collected ; the tailings are sent to other cells for con- 
centrating sphalerite. Zince ore is activated with 
copper sulphate and floated. The lead concentrates are 


pumped to a thickener and the discharge filtered in 
a disc filter. The filter cake is packed and sent to 
Tundoo (Bihar) for smelting. The average composition 
of lead concentrate is as follows: lead, 72 ; zinc, 7.5 ; 
sulphur, 15.7 ; copper, 0.02 ; antimony, 0.04% ; and 
silver, 30 oz./ton |Mukherjee, Indian Mm, J,, 1957, 
5 (Spec. Issue), 220 ; Mackertoom, ihid.^ 1957, 5 (Spec. 
Issue), 224]. 

Smelting — h^’or obtaining the metal, the concentrate 
is mixed with fluxes (iron ore, limestone, sand and 
slag) in appropriate proportions and sintered in an air 
blast till the sulphur content is reduced to 2% or less. 
The sinter, along with coke and fluxing materials, is 
charged into a blast furnace. The temperature in the 
shaft increases from about 150° at the top to 
r,ooo-i,2(X)° at the tuyere level. As the charge 
descends through the shaft the lead oxide in the 
sinter is reduced to metal and collects at the bottom 
of the slag containing fluxing ingredients. The molten 
metal is tapped and cast into blocks of pig lead con- 
taining 99.29% lead anti small amounts of silver, 
copper, antimony, nickel, zinc, etc. Pig lead is further 
refined to obtain pure metal and silver (With India — 
Industrial Products, pt V, 197). 

Properhes ano Uses 

Lead is a soft, heavy metal, highly pliable and 
malleable but only slightly ductile. It can be readily 
rolled into thin sheets and extruded into tubes and 
rods. On account of its high resistance to corrosion, 
lead is used as inside lining for acid chambers, tanks, 
sinks, vats, etc. Lead pipes are used for conveying 
drinking water and industrial gases. Because of its 
high density lead does not transmit nuclear radia- 
tions or become radioactive. In the field of atomic 
energy it is being increasingly used in nuclear re- 
actors in the form of extended blocks for shielding 
radiations. 

Lead forms alloys with antimony, tin and other 
metals which make it still more useful in many 
industries. Antimony and copper harden lead and 
improve its mechanical properties, whereas tin in- 
creases its casting qualities. Lead-antimony alloys 
with small amounts of tin, arsenic and/or copper are 
extensively used in the manufacture of storage 
battery grids, cable sheath metal and bullets : anti- 
monial lead sheets and pipejf being acid resistant are 
widely used in chemical industry. Lead-antimony-tin 
alloys arc used as type metals for printing presses 
and Babbitt’s metal or hearing alloy. Small amounts 
of barium and strontium added to lead also give 
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TAB1.B 2— PRODUCTION AND COMPOSITION OF LEAD ORB AND LEAD AND ZINC CONCENTRATES* 


Ix;ad ore 


Lead concentrate 



r - 

(.)rc treated 

^ , 

Composition 

A 

f' 

Production 

• "■ ^ 

Composition 

Zinc cnnccntratct 

Production 

(ton.s) 


(tons) 

Pb(%) 

'/-n (%) 

(tons) 

Pb (%) 

Zn (%) 

1931 32 

21,266 

5.62 

8.00 

1,3.14 

73.0 

6.75 

2,840 

1932 33 

36,170 

4..S0 

6.70 

2,078 

73.5 

6.3S 

.3.716 

I95.I 54 

46,734 

4.93 

6.19 

2,8.16 

73.4 

6.78 

3,977 

1954 55 

49,065 

4.68 

6.00 

2,986 

71.4 

6.60 

4.437 

19.S3-56 

53,440 

4.70 

5.94 

3.097 

74.0 

5.33 

5,107 

1956 57 

85,413 

3.90 

5.49 

4,143 

72.5 

6.15 

7,660 

I937-.S8 

96,643 

4.08 

4.53 

4,877 

74.9 

4.60 

6,789 

193S 

109,736f 

4.12 

4.37 

5..m«; 

74.4 

11. a. 

7,.191C 

19.S9 

145,000^ 

3.66 

4.53 

6,488f 

75.0 

n.a. 

9,978f 

1960+ 

147,000f 

3.32 

4.32 

6.245f 

72.5 

5.7 

9,7871! 


* Mukherjee, Indmn Min, 1937, 5 (Spec. Issue), 222; infonnation Ironi Messrs. Mrtal Corf»oralion of India, Lalcutfa ; Prm i- 
sional Estimate of Mineral Production in India, Indian Bureau of Mines, 1939, 21 ; 1960, 14. 


J C\)nipnsiti()n : Zn, 32-37 ; Pb, 0.3 3.3"o. 


t Provisional. 


• Metric tons. 


TABLE 3— PRODUCTION OF REFINED LEAD 

Qty 
(t 011.9 

1951 

859 

19.S2 

1,132 

1953 

1,694 

1954 

1,791 

1955 

2,234 

1956 

2,4V7 

19.S7 

3,175 

1958 

3.387 1 

19.59 

3,958t 

I960 

+Mctric tons. 

3,730+ 


TABLE 4— IMPORTS OF LEAD ORB AND CONCENTRATES 
(Qty in tons and Val. in Rs.) 



Qty 

Val. 

1943 46 to 1949-50(av.) 

324 

2,37,148 

1950-31 

35 

77,872 

1931 32 

265 

4,16,011 

1952 .S3 

49 

1,1.3,680 

1953 34 

66 

1,46,235 

19.S4-33 

119 

2,45,947 

1935 56 

252 

4,37,862 

1936 (April Dec.) 

467 

2, .38, 02.3 

1957 

102 

3,.33,954 

1958 

no 

1,92,084 

1959 

130 

2,17,828 

1960 

77 

1,43,006 


bearing metal. Lead tin alloys in all proportions are 
used for soft solders, pewters and toys, and as coat- 
ings for sheet steel in the production of terne plates. 
C'oj)per hearing lead (Cii, 0.06'’/,) is tised as flexible 
coverings for electric power and communication 
cables. Lead containing up to iVo arsenic is used as 
shots in cartridges anti other ammunitions. Lusible 
alloys containing lead, tin, bismuth and cadmium are 
used as fuses for electric circuits, safety plugs, etc. 
(With India — Industrial Products, pi V, 19 1 ; 
Mantel I, 1958, Sec. 8, 3). 

A major use for lead is in the manufacture of 
tetraethyl lead, used as an anti-knock in motor 
petrol. It is also u.sed in substantial (piantities in the 
manufacture of pigments like white lead, red lead 
and litharge. 

Pkodi’cmon A\n 'ruAUK 

Table 2 gives the (pianrity and composition of ore 
treated at Zawar mine site and the composition of 
the concentrate. Table 3 gives the production of re- 
fined lead in India during 1951 i960. 

Imports — ^Table 4 gives the import of lead ores 
during 1945-46 to i960. 

Prices -The spot price of virgin lead in Calcutta 
varied between Rs. 123.98 and Rs. 144.37 
in i960. 

Lead Tree — see Leucaena 
Lebidieropsis — sec Cleistanthus 
Ledger Bark — see Cinchona 
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LEEA I Jnn. (Vitaccm^ 

A genus ol small trees, shrubs or herbs distri- 
buted in tlie tropical and sub-tropical regions of the 
Old World. About 20 species are found in India. 

L, aequata Linn. syn. L. hirta Roxb. ex Hornem. 

D.K.P., IV, 617 ; FI. Br. Ind., I, 668 ; Kirt. & Basu, 
PI. 258. 

Hindi & Bkn(;. — Kakajauglia ; Tel. — Surapadi, 
velanasandi. 

Kiiasi — Dicng-soh-pliyrniMong. 

A shrub, 1. 2-3.0 111. in height, found in the north- 
eastern part of India, Orissa, northern Circars and 
Andaman Islands, leaves usually 2-pinnatc: leaflets 
ovate-lanceolate ; flowers in short compact cymes, 
whitish or greenish ; berries depressed-globose, black 
when ripe. 

'Fhe plant posses.ses anti-tubercular properties. On 
steam distillation it yields 0.15% of an essential oil 
which inhibits the growth of Mycobacterium 
tuberculosis in a concentration of 10 /ig./cc. The oil 
also inhibits the growth of Micrococcus pyogenes 
var. aureus and Pasteurella pesiis in concentrations 
of i(X) /4g./cc. and 50 respectively. Root 

tubers and stems are mucilaginous and astringent. 
Leaves and twigs have antiseptic properties and are 
used for poulticing wounds (Chopra, 1958, 601 ; 
(hipta & Chopra, Indian J. med. Res,, 1953. 41 , 427 ; 
Nadkarni, I, 732 : Burkill, II, 1326). 

L. crispa Linn. 

D.E.P., IV, 616 : FI. Br. Ind., I, 665 in ])art ; Kirt. 
& Basu, PI. 255. 

Besg. -Banclialila ; Mal. — Nalugu, nellu ; Oriya 
— Hatikanopotro, 

Khasi — Soh-pliyrnou-nar ; Garo — Gangma-chhan- 
goppa. 

A perennial undershrub, up to 2.5 m. in height, 
with conspicuously winged stems, found in north- 
eastern India and in the western parts of Deccan 
Peninsula. Ixravcs pinnate, 3-5 foliolate : leaflets 
oblong-lanceolate ; flowers in corymbose cymes, 
whitish or pale yellow ; berries depressed-globose, 
dark grey or black when ripe. The plant grows gre- 
gariously in Assam and is reported to help the re- 
generation of sal by ousting grass and preparing the 
soil for seed germination (FI. Assam, I, 306). 

The berries are eaten. Root tubers are used for 
guineaworm and leaves are applied to wounds. 
L. crispa is a host plant of the Indian lac insect 
[Carter & Carter, Rec. bot, Surv, India, 1921, 6(9), 
394 ; Kirt. & Basu, I, 618 ; Glover, 137]. 


L. indica Merrill syn. L. samhucina Willd. (FI. Br. 
Ind.) in part 

D.E.P., IV, 618; FI. Br. Ind., I, 666 ; Kirt. & 
Basil, PL 256. 

Hindi &'Benc. — Kurkur-jihwa ; Mar. — Dino, kar^ 
kani ; Tel. — Ankadosa ; Tam. — Nalava, nyekki, otta- 
nali ; Kan. — Andilu ; Mal. — Erattayani, maniper- 
andi ; Oriya — Bonotulasi, 

Assam — Kukurathengia, 

A handsome shrub or a small tree with tough 
branches, sometimes developing aerial roots, distri- 
buted almost throughout India, from Garhwal 
eastwards to Assam and southwards to Kerala ; 
it is found also in Andaman Islands. Leaves 
2-3 pinnate: leaflets elliptic-ohlong ; flowers in 
corymbose cymes, whitish ; berries depressed-globose, 
purple-black. 

The tender shoots of the plant are used as vege- 
table : fruits arc also edible. Leaves arc used as green 
manure. The large pith of stem and branches is often 
used as a substitute for Elder pith (from Sambucus 
spp.) in biological laboratories. The roots arc used iti 
diarrhoea, colic, dysentery and as sudorific. They 
arc covered with dark brown, striated bark with an 
astringent, rather agreeable flavour. The leaves are 
roasted and applied to the head in vertigo |F 1 . Assam, 
I, 307; Rama Rao, 93 : Santapau, Rec, bot, Surv, 
India, 1953, Id (1), 55; Dyniock, Warden & Hooper, 
I, 364 ; kirt. & Basu, 1 , 619]. 

L. macrophylla Roxb. 

D.E.P., TV, 617 ; FI. Br. Ind., I, 664 in part ; Kirt. 
& Basu, PI. 254. 

Hindi & Beng. — Dliolsamudra ; Mar. — Dinda. 

U.P. — Hathikana ; Nepai. — Bulevltra ; San i al - - 
Hatkan ; Lepcha — Dampamtom-kung ; Ktiasi — Pha- 
run-barne, 

A herb, 90 cm. or more in height, with switchy 
branches and perennial tuberous roots, distributed 
throughout the hotter parts of India. Leaves simple, 
ovate-cordate, conspicuously large (lower leaves up to 
60 cm. diam.) ; flowers in corymbose cymes, whitish ; 
berries depressed-globose, black. 

The leaves of the plant arc eaten as vegetable ; 
they arc also used as platters. Fruits arc edible. Root 
tubers are deep red in colour, mucilaginous and 
astringent, and arc credited with anodyne properties. 
They are applied to wounds and sores and used for 
guineaworm and ringworm (FI. Assam, I, 305 ; Kirt. 
& Basu, I, 617 ; Rama Rao, 92). 
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L. robusta Roxb. syn. L. diffusa M. Laws. 

D.E.P., IV, 6i8 ; FI. Br. Ind., J, 667 ; Kirt. & Basil, 
PI. 257. 

Tel . — Peddapayagillaku ; Oriya Ntmonunia, 

Nepal — Galeni ; Lepcha — Pantom ; Lushai — Koul- 
kar ; San i ai. — Haramada, 

A large handsome shrub, found from Sikkim to 
Assam up to an altitude of 1,500 m. and in Bengal, 
Bihar, Orissa and Dcccan Peninsula ; it is found also 
in Andaman Islands. Leaves 2-3 pinnate: leaflets 
elliptic-oblong ; flowers in corymbose cymes, greenish 
or bluish ; berries depressed-globose, black when 
ripe. 

The roots arc soft and fleshy and arc externally 
applied for allaying pain. They arc used in dysentery 
and given to cattle in diarrhoea. The wood is brown 
and moderately hard and used in the construction 
of huts, fences and stakes ; dried stems arc used as 
torches. The tree is a host of the Indian lac insect 
(Kirt. & Basil, I, 620 ; Gamble, 191 ; (Mover, 137). 

/.. acuminata Wall, ex C. B. Clarke syn. L. sambti- 
cina M. Laws. (FI. Br. Ind.) in part (Nepal — Lal- 
galcni ; Assam — Bajiou, kath-tliengia) is a handsome 
imdershrub with red or purple flowers and orange 
red fruits, found in eastern Himalayas, Assam, 
Orissa and Andaman Islands. The stems arc used for 
the construction of huts (FI. A.ssam, 1 , 305). 

L. cdgcwortliii Santapau syn. L. aspera M. Laws. 
(FI. Br. Ind.), non Wall, ex Roxb. (Punjab — Ktimala, 
holma ; Kumaon — Kumali ; Jaunsar —Krtwa okhar ; 
Khasi — Soli-phyrnou ; Madhya Prade.sh — Kuram 
chirpali) is an undershrub with 1-2 })innate leaves 
and black berries found scattered almost throughout 
India, ascending up to i,3(x> m. in the Himalayas. 
Fruits, leaves and roots are edible ; it is a host plant 
of the Indian lac insect (Wilt, 54 ; Krishnaswami & 
wSaikia, Indian For,, 1959, 85 , 204). 

L. umhraculijcra B. (-larke (Assam — Aliinay 
gach-gangma) and L. hracteata C. B. Clarke (Lushai 
— Kumtin-toi ; Khasi — Lang-kurnu) are shrubs or 
small trees found in eastern Himalayas and Assam. 
I'he wood of these species is ornamental (FI. 
Assam, I, 30708). 

Some species of Lcca are ornamental and are 
valued for their foliage and fruit (Firmingcr, 586 ; 
CMipalaswamiengar, 340). 

LEECHES (Phylum Annelida, class Hirudinca) 

D.E.P., IV, 619 ; Fn. Br. Ind., Hirudinea, 1927. 

Sans. — Raktapa, jalauka, jala-sarpini ; Hindi — 


Jalu, jok, jonk ; Beni;. — Jonk ; Guj. — Jala; Tel. — 
jalagalu, attain, jeriku ; 1am. — Kan. — 
Jigancy ; Mal. — Atta. 

Kashmir — Drik, 

Leeches are carnivorous or blood sucking annelid 
worms with pronounced ability to extend or contract 
their bodies. I’hey are distributed all over the world, 
except the polar zones, deserts and altitudes excced- 
ing 3,700 m. About 45 species belonging to 22 genera 
occur in India. 

Leeches may be a(|iiatic, amphibious or terrestrial. 
They vary in length from a few mm. to 30 cm. or 
more. At each end of the body there is a sucker, the 
mouth being within that of the anterior end. It pro- 
gresses by means of suckers, looping the body like a 
measuring worm or swimming with an unclulating 
movement. Leeches are hermaphrodite. In the majo- 
rity of forms, fertilization is effected by hypodermic 
impregnation. Kggs are laid in cocoons secreted by 
the ditelliim, which remain attached to any sub- 
merged foreign body or lodged in bank-side burrows. 
The development is direct witliout any intermediary 
larval stage. Leeches arc active during the months of 
the monsoon and arc known to hibernate in severe 
winter, burying themselves in mud. They reappear in 
spring, which is the time for breeding. 

Most of the leeches are permanent or temporary 
external parasites, attaching themselves to the host 
and sucking the blood. The anterior sucker, jaws and 
muscular pharynx serve as an cllicicnt ajiparatus for 
the abstraction of blood. Sucked blood is stored in 
lateral diverticulae of the crop and as the blood passes 
down the pharynx, it is mixed with a glandular secre- 
tion which prevents its coagulation. A leech ingests at 
a single meal several times its own weight of blood 
which may suttice for several months (Kncyclopaedia 
Britannica, XIII, 866 : Pycraft, 51-53 : Matthai, /. 
Asiat. Soc, Beug., N.S., 1920, 16 , 341 : Bhatia, Indian 
zool. Mem., 1941, 8 ; Brookeworth. /. Bombay nai. 
Hist. Soc., 1951 52. 50 , 423 : Harrison, ibid., 1952-53. 
51 , 959 ; 1954-55, 52 , 468 : Champion Jones, ibid., 
*954 55 » 52 , 650 : Sykes, ibid., 1955-56, 53 , 148). 

1 'he commonly known leeches of India belong to 
the genera lUrudinaria Whitman, Uaemadipsa 
1 Vnnent, Hirtido Linn, and Dinobdclla Moore. They 
thrive in situations where moist humus abounds and 
are known to be plentiful in rain forests up to an 
altitude of 2,500 m. They arc also common in tea- 
growing areas, humid grazing lands, shrubby under- 
growths, rice fields, swamps, buffalo wallows and 
ponds. 
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HG. 23. rKKClICS-lIIRUDlNARIA GRANULOSA (x*) ; 
IIAI-MADIPSA ORNATA, DORSAL AND VI-NTRAI. VIKWS (xlj) 


IatcHos arc a great miisaiicc to man and 
livestock. Stubborn sores, sometimes leading to 
(ripjiling, may result from their bites. Ilinidinaria 
irranulosa (Savigny) often attacks human beings and 
is trou])lcsome to those engaged in construction work 
in swamj)y areas. //. javanka (Wahlberg) and //. 
nianillcnsis (Lesson) arc a nuisance l)otli for human 
beings and cattle. Leeches belonging to the genus 
Ilacnutdipsa are particularly troublesome because of 
their teeming abundance : their wide dissemination 
is due to their attaching themselves to birds. IJacmn- 
(lipsd zt’\l(ink(i Mocpiin-'randon, //. sylvcstris Blan- 
chard, 77 . nrnata Moore (Sans. — In(lra\ndlia) and II. 
miditmia Moore are the common species found in 
India. //. tnuula has been recordecl from the hill 
tracts of Assam: its bite, unlike that of other 
leeches, is painful : it may sometimes ])rove fatal 
as the leech carries septic bacteria. I’he capacity of 
//. viofitiuta, occurring in Palni hills and near 
Darjeeling, for imbibing blood is said to he pheno- 
menal. Ilirudo hirmaniai (Blanchard) attacks human 
beings and probably also domestic and wild animals. 
lynwbdcUa frrox (Blanchard) (Sans. — Shaharika). 
the notorious cattle leech, is widely distributed in 
India and is j)articularly abundant in Assam, Punjab 
and Uttar JVadesh up to an altitude of 2,3(K) m. Tt 
attacks domestic animals by attaching itself in large 
numbers to the walls of the buccal chamber, nasal 
passages, pharynx ard larynx of the victim ; the 


aifected animal becomes emaciated and may even 
die. Both land and a(|uatic leeches act as inter- 
mediate hosts in the dissemination of vsome blood 
and skin diseases. 

Boots stulTed with tobacco leaves and ankle putuies 
treated with nicotine sulphate solution arc ()ften used 
as protection against leeches by persons living in 
tropical rain forest and plantation areas. Insect repel- 
lents, like dimethyl phthalate, dihiityl phthalate, 
benzyl benzoate and 2-ethylhexancdiol, give protec- 
tion for 2-3 hours. Smearing of exposed parts with an 
ointment of i part of cinnamon oil and 7 parts of vase- 
line is temporarily effective. A paste containing pyri- 
dine and bees w'ax in hot castor oil or melted petro- 
leum jelly affords protection for a number of days 
when smeared on exposed parts. A new U.S. Army 
repellent, M-ujho, used for impregnating clothes 
against mites, mos(|uitoes and Heas, is also effective 
against land leeclies (Brookeworth, /. Bombay iiai. 
Hist. Sue., 1951-52, 50, 423 ; Smythies, ibid., 1952-53, 
51, 954 : Williams, ibid., 1954-55, 52, 652 ; Sykes, loc. 
cit. ; Narasimhaii & Thirumalachar, Carr. Sci., 1945, 
14, 342 : Indian For., 1946, 72, 173 ; Trauh ct al., 
Nata/Cy Load., 1952, 169, 667 ; Harrison, J. Bombay 
nat. Hist. Soc., 1954-55. 52, 46S : Bailey, ibid., 
1954-55, ^ 5 - * Mathew's, ibid., 1954-55, 52, 655). 

Leeches have been used medit inally for phlebotomy 
anti production of an anticoagulant. 'I’hey were once 
used in India and elsewhere for the abstraction of 
blood from foul ulcers and other congested parts of 
the body, but the practice, except in some villages, 
is no longer prevalent. Hirudinaria (Foccilobdclla) 
granulosa (Savigny) (Sans. — Alagarda)^ abundant in 
the Slates of Madras. Kerala, Madhya Pradesh, 
Uttar Pradesh and the Punjab, w^as the s[)ecies com- 
monly cultured for this purpose. The leech is bred 
in earthen pots containing moistened clay. After the 
leech sinks the blood and drops off’, it is made to 
disgorge the blood by pressing it between fingers or 
by dipping in saline or camphor water. The dis- 
embogued leech is fit for reuse. 

The buccal secretion of leeches contains an active 
principle, hirudin, whicli retards the coagulation of 
blood. Hirudin is extracted from leeches by normal 
saline at 38”-4o® : each leech is reported to yield 
up to 3 mg. of the active principle. Hirudin is 
employed as an anticoagulant in surgical operations 
and has been recommended for the prevention of 
phlebitis and post-operative pulnu)nary inflamma- 
tions. Commercial samples of hirudin have some- 
times been found to be toxic, perhaps due to putre- 
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faction. Leech extract is reported to be efficacious in 
the treatment of asthma, acute rhinopharyngitis and 
spasmodic coryza, it contains a mucolytic enzyme 
(Merck Index, 497 : U.S.l)., 1955, *735 '» B.P.C., 1954, 
412 ; CUenu Abstr., 1940, 34 , 4397 ; 1953, 47 , 2372). 

Leeches and their cocoons arc eaten by ducks, other 
birds and certain types of fishes. Some predaceous 
leeches destroy harmful invertebrates and insect 
larvae, and exert a repressive influence on rodent 
population. 

Leek — see Allium 

LEERSIA Sw. [Gnmiuieae) 

A small genus of a(]uatic grasses occurring in the 
tropical and sub-tropical regions of both hemispheres. 
About three species occur in India of which one is 
of fodder value. 

L. hexandra Sw. Syn. llomaloceiichriis hexan- 
(Jnts Kuntze Ricegrass 

D.L.P., IV, 619: FI. Br. Ind., VII, 94; Blatter & 
McCann, 272, PI. 185. 

-Jaugli (l/ian : Kan. -Kudu bill sajjahit 
htdlu ; Mai.. — N tr valli pullu, 

Assam - A rail, arali. 

A rice-like, atpiatic, perennial grass with exten- 
sively creeping leafy rhizomes, found all over India 
in swampy and marshy areas, from sea level up to 
2,100 m. Leaves erect, flat, rigid, acuminate; pani- 
cles branching, few-flowered, 5-10 cm. long. The grass 
ficc|uently forms a dense mass in paddy fields, and 
margins of lakes and swamps. During the. dry period, 
it creeps on the ground sending out long runners. 
It yields a useful green forage and is cultivated in 
some parrs of the worUI in the same way as rice. 
Yields up to 12,200 kg. (12 tons) per acre have been 
obtained by intensive farming (FI. Assam, V, 173 ; 
Das, Btill. Dep. Agric. Assam, No. 10, 1939 ; Ranga 
Achariyar, 125 ; Burkill, IF, 1328 : \ A)oAi ct al., Philipp. 
A^ric., 1954-55. 38 , 73). 

L. hexandra affords good forage when cut early and 
is esteemed as one of the best fodder grasses in 
Australia. It is relished by horses and cattle and may 
be used both as green feed and hay. Analysis of green 
grass at the flowering stage gave the following values 
(dry basis): crude protein, 5.83: ether extr., 2.1; 
crude fibre, 28.4 : N-frec extr., 47.0 ; ash, 16.7 ; cal- 
cium, 0.19: and phosphorus, 0.14?^,; digestibility 
co-efficient (av. value): dry matter, 48 ; crude protein, 
40 : ether extr., 23 ; crude fibre, 63 : and N-free extr., 
54 ?6. In nutritive value, the green material is com- 


parable to the commonly cultivated fodder plants. 
When turned into hay. the grass retains the green 
colour and is considerably softened. Adult animals 
maintained on green grass or hay showed a positive 
nitrogen balance ; calcium and phosphorus balances 
were negative (Talapatra, Indian ]. vet. Sci., 1950, 
20 , 229 : Loosli et al., loc. cit.). 

The leaves and stems of the grass contain traces 
of hydrocyanic acid (Quisumbing. 1023). 

LEMNA I aim. [Lemnaceae) 

D.K.P., IV, 620 ; FI. Br. Ind., VI. 556. 

A genus of floating aquatic herbs, commonly 
known as Duckweeds, distributed throughout the 
world, chiefly in temperate and warm regions. Four 
species are found in India. 

Duckweeds occur gregariously, often forming a 
green mantle on the surface of ponds, lakes and other 
still waters or sluggish streams. They are sometimes 
introduced into af|uaria and lawn basins. The plant 
body consists of minute lhalli or fronds, each bearing 
a single root on the under surface. Reproduction is 
generally by vegetative budding. Duckweeds peren- 
nate during winter by specialized buds which sink 
to the bottom and plants reappear in summer and 
rainy season (Biswas & ("alder, Illlh Bull., No. 24, 
1954, 98-100). 

Among the Indian species, L. minor Linn. 
(Common Duckweed) and L. paucicoslata Hegehn. 
— L, perpusilla Tort*, are reported to occur in many 
parts of the country. 'Fhe fronds in both are 3-6 mm. 
long, variable, obovoid, ohovate or oblong ; they are 
more asymmetrical in L. paucicoslata than in L. 
minor. Both arc capable of tbrixing in foul waters, 
not conducive to the growth of other floating 
plants, and cleanse them of organic impurities. Water 
birds, specially ducks, and some fishes feed on the 
plants. In Bengal, some fish farmers introduce L. 
minor in carp nurseries as it destroys algae and pro- 
motes the growth of zooplanktons. Mosquito larvae 
are usually rare in ponds with a surface screen of 
lemnas [McC"ann, /. Bombay nat. Hist. Soc., 1942-43, 
43(2). 148 : Biswas & Calder, Hlth Bull., No. 24, 1954. 
99 : Alikunhi el al., Sic. Cult., 1951-52, 17 , 436 : 
Chittenden, III, 1146]. 

l^uck weeds occasionally become |)ests in garden 
ponds and fields. L. minor is reported to infest flood- 
ed rice fields causing damage to the crop. Applica- 
tion of the leaves and twigs of Adhatoda vasica Necs 
as green manure is reported to eradicate the pest. 
Spraying with pentachlorophenol solution (i in 750- 
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I in i,ooo) at the rate of 250 litres per acre for 2-;^ 
(lays destroys the pest ; o. i % methoxonc has also 
been tried with satisfactory results {Chem, Ahstr,, 
1955, 49, 14256 ; Kar, Scu & Cult,, 1946-47, 12, 545). 

Duckweeds are recommended for use as manure. 
Some species have been empK^yed as test plants 
for the rapid determination of herbicidal effect 
of chemicals and in the study of trace clement 
rcfiuirements of crop plants. They are capable of 
accumulating radium and mesothorium-l from the 
surrounding water (Client. Ahstr., 1930, 24, 5773 ; 
1937, 31, 7941 ; 1947, 41, 3246; Steinberg, /. agric. 
Res., 1941, 62, 423). 

Duckweeds are reported to possess cooling, astrin- 
gent and diuretic properties and are used for cuta- 
neous diseases and as wash for ophthalmia. L. minor 
is employed in homeopathy (Steinmetz, II, 270). 

Lemon — sec Citrus 

Lemongrass — see Cymbopogon 

LENS Mill. (Lcguniinosae) 

A small genus of erect or sulverect annual herbs, 
distributed mainly in the Mediterranean region and 
western Asia. One species is widely cultivated in India 
for its seeds used as food. 

L. culinaris Medic, syn. L. esculenta Moench ; 
Krvinn lens Linn. Lentil 

D.E.P., IV, 621 : C.P., 708 ; Kirt. & Basu, I, 741. 

Hindi, Beng., Mar. & Guj. — Masur, masser, masuri; 
Tel. — Misurpappu, chirisanagalii ; Kan. — Massur, 
chmunigi, 

PuNjAK — Masur, malka masur, musri ; Assam — 
Masurmoha. 

A small, erect, softly pubescent herb, 15-75 
high, with compound leaves and white, rose, red or 
violet flowers borne solitarily or in 2-4 flowered 
racemes ; pinl smooth, compressed, oblong or rhom- 
boid. I -1.5 cm. long, containing two smooth, com- 
pressed, lenticular seeds, varying in colour from pale 
pinkish huff to prussian red. 

licntils have been valued as an article of food 
from biblical times. It is widely grown in the Medi- 
terranean countries, particularly in Spain, France, 
Italy and Greece in Europe, Morocco, Algeria, Egypt 
and Ethiopia in N. Africa, Jordan, Syria and Turkey 
in Middle East. India and Pakistan are, however, the 
major prodiaers at present. In recent years it is being 
grown also in Argentina, Ecuador and Chile (Table 1). 
Its cultivation in India is cjiiitc ancient. It is grown 



throughout N. India, particularly in Uttar Pradesh. 
Madhya Pradesh, Bihar and West Bengal and to a 
smaller extent in Punjab, Rajasthan, Maharashtra 
and Gujarat. It is not an important pulse crop in S. 
India. Table 2 summarizes the available data on 
acreage and production of lentil in India [Mann, 
B'mip. J. exp. Agric., 1947, 15, 249 ; Whyte et al., 283 : 
Dutt & Pugh, 323; Yegna Narayan Aiyer, 138; 
Mehta, Agric. Anim. Htuth., Uttar Pradesh, 

6 ( 2 - 3 ). 3l; 

I.ientil is considered to he a native of Asia Minor, 
Persia or possibly Hindu Kush. Wild relatives of the 
cultivated species arc recorded mostly in central and 
west Asian regions and a few from the Mediterra- 
nean region and Abyssinia. They have been classified 
under two sub-species, macrospermae and micro- 
spermae, the former comprising the large seeded 
forms of the Mediterranean and African regions, and 
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TABLE 1~ACREAGE AND PRODUCTION OF LENTIL IN IMPORTANT COUNTRIES* 

Area (thousand acres) Production (thousand tons) 



1948-52 

.1956 

1957 

1958 

1948-52 

1956 

195’ 

1958 


(av.) 




(av.) 




India 

1,406 

1,223 

1,287 

1,260 

286 

205 

188 

175 

Pakistan 

.185 

400 

420 

368 

93 

91 

92 

79 

Ethiopia 

n.a. 

n.a. 

n.a. 

n.a. 

74 

74 

63 

62 

Syria 

14.1 

210 

2.30 

294 

38 

74 

76 

35 

Turkey 

126 

. 198 

203 

205 

49 

51 

72 

69 

Spain 

• 119 

101 

106 

104 

21 

25 

29 

28 

Egypt 

74 

86 

86 

77 

44 

47 

52 

41 

Algeria 

82 

54 

32 

40 

16 

12 

7 

8 

Italy 

62 

64 

64 

59 

13 

13 

17 

17 

Jordan 

37 

57 

59 

62 

8 

22 

12 

4 

France 

37 

35 

30 

32 

9 

11 

8 

12 

Greece 

32 

47 

47 

40 

7 

13 

15 

10 

Iraq 

2.S 

.15 

32 

32 

0 

10 

8 

3 

Morocco 

40 

25 

27 

n.a. 

6 

4 

4 

n.a. 

Argentina 

62 

32 

47 

32 

25 

6 

6 

4 

Chile 

47 

47 

52 

69 

14 

12 

13 

14 

Faiiador 

20 

22 

20 

30 

5 

10 

9 

9 

Total (excluding U.S.S.R.)** 

3,484 

.1,113 

3,237 

3,212 

748 

699 

699 

590 


* Production Yearh. FAQ, 19.S9, 13 , Table 32. 

** Includes data for countries not included above and also estimates where figures are not available. 


TABLE 2— ACREAGE AND PRODUCTION OF LENTIL IN INDIA* 



Av. for tri- 
ennium ending 
I9.S6-57** 

19.57-58 

1958-^ 

A.ssam 

9.0 

9 

11 

Bihar 

3.16.7 

369t 

Madhya Pradc.sh 

Maharashtra & 

437.0 

434 

.547 

Gujarat 

25.0 

17 

21 

Mysore 

6.5 

4 

5 

Orissa 

7.9 

n.a. 

n.a. 

Punjab 

115.5 

146 

169 

Rajasthan 

19.5 

22 

27 

Uttar Pradesh 

373.0 

433 

499 

West Bengal 

2.'53.0 

193 

249 

Himachal Pradesh 

3.0 

3 

3 

Total 

1.586. 1 

1,567 

1,900 


Production 
(thousand tons) 


1959 4)0 

Av. for iri- 
ennium ending 
J9.56-57** 

1957-.58 

19.58-59 

1959-60 

11 

1.0 

1 



3.10t 

62.1 

44t 

.54t 

64t 

549 

67.5 

54 * 

93 

95 

31 

3.0 

1 

3 

4 

5 

1.0 

1 

(^^ 

(«] 

ii.a. 

1.6 

n.a. 

n.a. 

n.a. 

208 

24.0 

30 

36 

43 

28 

3.0 

4 

5 

8 

481 

58.5 

57 

80 

75 

2.55 

37.0 

26 

29 

47 

4 


« 

1 

1 

1,902 

2.58.7 

219 

303 

338 


■'Data from Directorate, Econ. & Statist., Ministry of Ftiod 6c. Agrie. Govt. India. ** MurkethiK of Pulses in India, Marketing Ser 
No.. 102, 1958, 175 77. fData from Directorate of Statistics, Govt. Bihar. n.a. not available. ' (ir>I.e.ss than .SOO tons. 
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the latter yielding comparatively small seeds and 
found in western and south-western parts of Asia, 
"rhe latter is further suh-divided into geographical 
races, vi/. Afghanistan, Indian (endemic), north-cast 
African, sontli-west and western African, western 
lMiro|.)caii and western Asian races. Ihe two sub- 
species though having the same chromosome 
numbers 14), produce sterile hybrids when cross- 
ed with each other. A variety, var. himalayaemis 
Thellung. occurring in Nepal is resistant to snout 
moth (KticlUi zimkrnclla Tr.) (Vavilov, 31, 32, 35, 38, 
15 1 ; l)arlington & Wylie, 155 ; Mann, loc. cit. ; 
Hector, II. 648 ; Kitamura in Kihara, II, 120). 

Lentils show a wide range of variation in the colour 
of (lowers and the type of pods and seeds borne by 
them. Though self-fertilization is the general rule, 
cross-fertilization is often jtrohablc. The seeds arc 
hold, intermediate or small and have a ground colour 
wliicli may be Prussian red, salmon buff, vinaccous 
buff, vinaceous pink, buff j)ink or pale pinkish huff, 
'riie majority of seeds possess markings over the 
ground colour. Tlie markings are in the form of 
cloudy mottling or sky-grey spccklings and may be 
sparse, medium or heavy ; they are generally confined 
to testa only (Shaw & Bose. Mem. Defh Agric, India, 
Hoi., 1928, 16 , 159). 

Associated with the size and colour of the seed arc 
variations in the adaptability of types to soil and 
climatic conditions. Types grown in the black cotton 
soils of India generally have a deep root system, while 
those of the alluvial soil have a branched shallow 
root system with abundant root nodules ; plants of 
dry regions, like those of Punjab, have a root system 
which is intermediate between the two. Plants with 
deep penetrating roots show sparse branching and 
give a poor yield of hold seeds, while those with 
shallow roots have profusion of branches and give 
high yields of small seeds (Shaw' & Bose, loc. cit.). 

'i\vo types of lentil are commonly recognized in 
the Indian trade; hold seeds known as Masur or 
Malka Masur and small seeds known as Musri. A 
similar distinction is recognized in Fairopc and other 
countries. Egyptian lentil is generally bold and so 
also lentil types grown in S. America : Euro])ean types 
arc usually small. About 66 pure types of lentil have 
been isolated from seeds collected from different 
places in India. They vary from one another in 
(/) size, colour and markings of seed, (it) colour of 
flower, (Hi) time of flowering, (iv) habit, (u) colour of 
leaf and (vt) colour of stem. Out of the 66 types, 
N.P. ri and N.P. Hybrid 1 have been selectQd Jor 


distribution. In Uttar Pradesh, Type 3, a selection 
from Agra, gives high yields (1,30a- 1,500 Ib./acre) ; 
this type has been replaced by Type 36, a superior 
selection giving higher yield, 1,960 Ib./acre. In 
Bombay, two selections, No. /5 and No. 20, isolated 
from local types have given 20-25% higher yield in 
Nasik district | Roberts & Kartar Singh, 292 ; Shaw 

Bose, loc. cit. ; Colon. PI. Anim. Prod., 1952-53, 
3 , 254 ; Sci. Rep. agric. Res. Inst. N. Delhi, 1949, 29 ; 
Annii. Rep. Indian Coun. agric. Res., 1953-54, 40; 
Singh, Agric. Anim. Hush., Uttar Pradesh, 1955-56, 
6(2-3), ’ Oharampal Singh, Tech. Bull. Bur. agric. 

Inform. Uttar Pradesh, N.S., No. i, 1957, ii ; Chavan 
& Shendge, Poona agric. Coll. Mag., 1957-98, 48(2-3), 

Cultivation- -Lentil shows a wide range of adapta- 
tion to climatic conditions. In India, it is grown in 
situations iij) to a height of 3,450 m. and on a variety 
of soils, such as light loam and alluvial soils of N. 
India and black cotton soils of Peninsular India. It 
is also grown in low-lying (sailaha) lands in Punjab 
and is usually the first crop sown on new alluvial lands 
just recovered from the river. It tolerates moderate 
alkalinity. In rich soils with too much moisture, the 
plants proflnce a profusion of leaf and the yield of 
pods and seeds is poor (Mann. loc. cit. ; Whyte el al., 
283 ; Roberts & Kartar Singh, 292 ; Yegna Narayan 
Aiyer, 138). 

Not much of cultivation is given to lands sown 
with lentil. In Punjab and U.P., where it is mainly 
grown in low-lying lands after a crop of rice, only 
one or two ploughings arc given. In the case of black 
cotton soils, the land is ploughed soon after the 
monsoon and brought into a rough tilth by working 
with blade harrows. Sowing is usually done in 
October-November along with other rabi crops ; it 
can be sown even later, up to January. Seeds arc sown 
broadcast or in rows 22-30 cm. apart : the seed rate 
varies from 20 to 80 lb. per acre depending upon 
whether it is sown pure or in admixture wdth other 
crops, like barley, mustard or castor. The crop re- 
ceives little further attention and is ready for harvest 
in about 3J/2 months. Plants are cut down to the 
ground level or pulled out ami stacked. They are 
threshed after drying. The yield of seeds ranges from 
300 to 600 lb. per acre when grown mixed or under 
dry cultivation, and from 800 to r.ooo lb. when sown 
pure on irrigated land. Under favourable conditions 
yields up to i, 400-1, 5(X) lb. per acre arc possible. In 
Egypt, where large seeded types are grown under 
basin irrigation, a yield of 1,500 lb. per acre has l^en 
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reported (Duit & Pugh, 324 ; Roberts & Kartar Singh, 
292 ; Yegna Narayan Aiyer, Imlian /. agric, Sci,^ 
1949. 19 , 439 ; Yegna Narayan Aiyer, 138-39 ; Agric. 
Marketing India, Marketing of Pulses in India, 
Marketing Ser., No. 102, 1958, 109; Mehta, Agric, 
Anim, Hush., Uttar Pradesh, 1955-56, 6(2-3), 7 J 
Colo)i. PI. Aniin. Prod., 1952-53, 3 , 254). 

Diseases & Pests -I’hc crop is not subject to any 
serious diseases or pests. A leaf rust \Uro?nyces fabae 
(Pers.) de Bary| lias been reported to cause slight 
damage. Burning of plant debris after harvest and 
treatment of seeds have been suggested as control 
measures. A wilt disease \Fusarium ortlioceras (App. 
et Wr.) var. letitis Vasudeva & Srinivasan] has also 
been reported. Vicia sp. (Vetch), which is similar to 
lenlil in appearance, often occurs as a weed in lentil 
Helds ; it is sometimes a serious pcs! and in such cases 
the (piality of lentil crops are seriously affected by 
the presence of weed seeds (Dull & Pugh, 324 ; 
Prasada Verma, Indian Pliytopat/i., 1948, 1 , 142 ; 
Vasudeva (S: Srinivasan. ibid., 1952, 5 , 23 ; Shaw & 
hose, loc. cit.). 

iUes — Lentil is mostly used as dlial (dehusked 
grain). For removing the husk, the seed is moistened 
with oil and water, dried in shade and passed through 
a mill 2 or 3 rimes. Everytime the dhal, chooni 
(broken bits) and husk are separated. To give an at- 
tractive appearance, the husketl pulse is polished with 
magtiesite jiowder and gritty powder (Dharampal 
Singh, loc. cit. ; Marketing of Pulses in India, 1958, 

70)- 

Lentil is used mainly in soups flavoured with spices 
and condiments, and also as a component of kichri. 
Young pods are eaten as vegetable. Lentil meal, 
mixed with barley or other cereal Hour and common 
salt, is marketed as invalid food in some countries. 


In Uttar Pradesh, fairly large ([uantity of whole seed 
is used in preparing dal-mot, a salted fried prepara- 
tion (Niyogi et al., Indian J. nied. Res., 1931-32, 19 , 
859 ; Marketing of Pulses in India, 1958, 21). 

Composition — The pulse sold in India shows con- 
siderable variation in si/e and cooking (jualiiy, de- 
pending upon the region from which it has been 
obtained. Analytical data for diiferent types arc not 
available. The following values have been reported lor 
a ba/aar sample from Coonoor: moisture, 12.4; 
protein, 25.1 ; fat (ether exir.), 0.7 ; carbohydrates, 
59.7; and mineral matter, 2.iV'-. The carbohydrates 
present are hemiceilulo.se, starch, p^/rr/galactoaraban. 
stachyose and reducing sugars (Illtli Bull., No. 23, 
1951, 30 : Tliorpe, VJl. 275). 

Lentils are. valued for their high protein content. 
Strain N.P. n yields seeds containing as tnuch as 3070 
proteins. Lentil proteins are similar to those of peas 
and heans. Partition o[ total proteins gave the follow- 
ing fractions: water .sol., 25.9: globulin, 44.0; pro- 
lamin, 1.8 ; and glutelin, 20.6 ;,.. The water soluble 
fraction consisted mostly of non-protein nitrogen : 
the presence of two proteoses is reported. The 
principal [)rotein of lentil is glol)ulin ; analysis of a 
.satnple (N, 15.92’,'.,) gave the following nitrogen dis- 
tribution values: sol. humin N, 1.40; insol. htimin 
N, 0.40 : amide N. 6.48 ; diamino N (arginine, 12.58 ; 
histidine. 2.22 : lysine, 13.75), 28.55 : monoamino N, 
27.41 : and non-amino N, 34.90' V.. Nitrogen distribu- 
tion in glutelin (N, i3.657i>) is as follows: .sol. Inimiii 

N. 2.12: insol. humin N, 2.17: amide N, 11.4; di- 
amino N (arginine, 9.93 : histidine, f).96 ; cystine, 

O. 84: lysine, 10.44), 21.57 : monoamitio N, 52.0; and 
non-amino N, 10.09'’,, (Jacobs, 1 . 212 ; (lupla & Das, 
Ann. Riac/iem., 1955. 15 , 75: Basu et al., Indian f. 
med. Res., 1936 37. 24 , 1027). 
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The biological value and digestibility coefficient 
of lentil proteins at different levels of protein intake 
are given in Table 3. Table 4 gives the essential amino 
acids present in the total proteins. The proteins are 
deficient in methionine and tryptophan and the 
protein efficiency ratio increases from 0.7 to 2.6 by 
supplementing lentil with a combination of methio- 
nine tryptophan and threonine. Germination of the 
pulse raises the biological value of the proteins. Auto- 
claving also improves the protein quality. The 
presence of a trypsin inhibitor in lentil has been re- 
ported ; it is heat labile and docs not appear to 
influence the nutritive value of germinated or auto- 
claved material. In nutritive value, lentil occupies a 
place second only to Bengal gram {Cicer arietinum) 
and black gram {Phaseolus mungo) among the pulses 
commonly consumed in India (Kuppuswamy et al., 
36: Nutr. Ahstr. Rev., 1955, 25, 29; Chattopadhyay 
(k Banerjee, Itidiati J. mcd. Res., 1953, 41, 185: 
Sohonie & Bhandarkar. /. sci. industr. Res., 1955, 14C, 
100: Food Sci. Ahstr., 1952, 24, 381 : Pal, Indian J. 
agric. Sci., 1939, 9, 133). 

In common with other |)ulses, lentil is a good 
source of vitamins of the B group; it contains: 
thiamin, 0.26; riboflavin, 0.21 ; nicotinic acid, 1.7; 
choline, 223: folic acid, 107: inositol, 130; panto- 
thenic acid, 1.6; biotin, 13.2; and pyridoxin, 0.49 
ing./ioo g. Other vitamins reported to be present arc: 
carotene, 1.6: ascorbic acid, 4.2; vitamin K, 0.25; 
and tocopherol, 2.0 mg. / 100 g. There is a marked in- 
crease in vitamins, except folic acid and pantothenic 
acid, during germination (Chattopadhyay et al., 
Indian Pharm., 1949-50, 5, 121 : Nandi & Banerjee, 
ibid., 1949-50, 5, 13, 63, 202 ; Chattopadhyay & 
Banerjee, Food Res., 1951, 16, 230; 1952, 17, 402; 

TABI.K J-BIOIX>GICAL VALUE AND DIGESTIBILITY CO-EFFICIENT 
OF LENTII. PROTEINS 


l.c*vcl of 

protein 

Biological A 

al. 

Digestibility 

intake 

r'o) 

(•*;,) 


co-cflicicnt 



{%) 

ft* 


53 


92 

II* 


32 


90 

I.S* 


25 


92 

10! 


58 


78 

I0.I 


41 


88 

12$ 


45 


92 

* Basu fl 

ill., Indian J. 

med. Re.s., 

1935 36. 23. 789; t Niyoei 

ft a!., ibid.. 

1931 32, 19, 

859; t Swaminathan, ibid., 1936 37, 24, 

767 ; $ Esh 

& >M>m, Indian /. Physiol., 1952, 

6, 61. 


TABLE 4— ESSENTIAL AMINO ACIDS PRESENT IN 1.BNT1L PROTEINS* 
(expressed in K./I6 g. N) 



1 

2 

3 

4 

5t 

Arginine 


7.0 


•• 

8.5 

Histidine 


2.1 


13.5 

1.7 

Methionine 

0.7 

0.8 

0.6 

0.7 

0.5 

Lysine 

6.4 

5.8 

5.1 

11.6 

7.4 

Valine 

5.0 

5.4 

5.1 

5.6 

5.7 

Phenylalanine 

4.5 

4.1 

4.0 

5.3 

3.7 

Tryptophan 

0.8 

0.3 

0.6 

1.6 

0.3 

1 .cucinc 

6.9 

5.4 

5.5 


8.5 

Ls'oleiiciiie 

4.5 

5.4 

5.8 


6.5 

'Threonine 

3.5 

2.9 

3.0 

5.0 

3.9 

* Kuppuswamv < 
21, 569. 

7 al., 48 

; j Chalterjcc el al., Food Res., 

1956, 

Banerjee et al., 

, ibid.. 

'954. *5* 

'34: 

'955. 20, 

545: 


Chattopadhyay & Banerjee, Science, 1951, 113, 600). 

The mineral constituents reported in lentil arc the 
following: calcium, 38.6; phosphorus, 242.0; iron, 
7.62 ; sodium, 36.0 ; potassium, 673 ; magnesium, 
76.5 ; sulphur, 122.0 ; and chlorine, 63.6 mg./ 100 g. ; 
iodine (25-30 t^g-/kg.), bromine, manganese, alumi- 
nium, copper, zinc and arsenic arc also present. 
Available iron (2.20 mg./ 100 g.) increases during the 
germination of the pulse. The distribution of phos- 
phorus (0.381%) in dried lentil is reported to be as 
follows: lipoidal, 0.046; nuclein, 0.043; phyttn, 0.192; 
and mineral. 0.1%. Calcium magnesium inositol 
phosphates are prescru to the extent of 0.52% in fat- 
free lentils (McCance & Widdowson, 87 ; Thorpe. 
VII, 275 ; Iodine Content of Foods, 92 ; Singh & 
Banerjee, Indian J. tned. Res., 1955, 497 > Chem. 

Ahstr., 1932, 26, 2488. 2767 ; 1934, 28, 2747). 

Lentil contains amylase (optimum pll, 6.25), proteo- 
lytic enzymes, phosphatase and phytase. The germi- 
nating plant shows high dipeptidase activity. A 
saponin, named csculenin (m.p. 173-75°), has been 
isolated in appreciable amounts. Asparagin is present 
in the embryo (Wehmer, I, 557-58 ; Belavady & 
Banerjee, Food Res., 1953, 223; Biswas, Sci. & 

Cult., 1943-44, 9, 165. -252; Chem. Ahstr., 1940, 34, 
5116 ; 1942, 36, 6173). 

Starch — Lentil may be used as a source of com- 
mercial starch (yic^, 28.5%) for use in textile and 
calico priming industries. The starch obtained re- 
sembles maize starch iii grain size (3-9-t5v7/x x 9.8/i) 
and general appearance. Its viscosity remains practi- 
cally- .unchanged over a wide range of temperature. 
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The residue left after the extraction of starch from 
lentil may be used as cattle feed ; it contains (air-dry 
basivs): moisture, 8.32 ; protein, 38.95 ; starch, 21.99 , 
crude fibre, 26.75 ; and ash, 4.26% (Qureshi, Pakist. 
/. scl Res,, 1949, 1 , 63). 

Feed —Lcnxi\ husk and bran are used as feed for 
livestock, especially dairy cows. Analysis of husk gave 
the following values (dry basis): protein, ii.i ; fat, 
0.7; carbohydrate, 47.5; fibre, 25.6; ash, 3.1 ; and 
digestible protein, 1.3%: nutritive ratio, 40. Lentil 
bran contains (dry basis): protein, 20.5; fat, 3.2; 
carbohydrate, 71.7 : calcium (CaO), 0.43 ; phosphorus 
(P./);,), 0.79 ; digestible protein, 12:7 ; and total diges- 
tible nutrients, 55.0%. Feeding trials with bullocks 
have shown that lentil bran mixed with wheat straw 
maintains positive balances in respect of nitrogen, 
calcium and phosphorus. It is comparable to brans 
of Bengal gram and arhar in nutritive value and 
superior to wheat bran (Linton et al., J. a^ric, Sci., 
1934, 24 , 260 ; Woodman, Bull. Minist. /Ignc., I.ond., 
No. 124, 1945, 17 : Sinha & Sahai, Proc. Indian Sci. 
Collar., 1956, pt Iir, 359). 

Leaves and stalks, fresh or dried as hay, arc itscd 
as cattle feed. Analysis of lentil hay gave the follow- 
ing values: moisture, 10.23; fat, 1.80; protein, 4.37 ; 
carbohydrate, 50.03; fibre, 21.36; mineral matter 
(sol.), 10.82 ; and mineral matter (insol.), 1.39% 
(Thorpe, Vfl, 275 ; Sen, Bull, agrie. Res. Inst. Pusa, 
No. 70, 1917, 36). 

Green manure Lentil is sometimes cultivated lor 
green manure. The croj) survives winter snow in 
Kashmir and makes rapid growth in spring before 
the land is puddkxl for rice. Sown at the rate of 32 -40 
11 ). per acre in October, two to three weeks after the 
harvest of paddy, it gave ^.<)oo lb. of green matter 
when cut in the following April (Chavan Patil, 
Pnona agrie. Coll. Mag., 1952-53, 43 , 70 ; Fotidar, 
Indian Fnig, 1949, 10 , in). 

Production & Trade 

Production — On an average 1.6- 1.9 million acres 
arc devoted annually to cultivation of lentil in India, 
producing 219-338 thousand tons of the pulse. Major 
areas of production arc in Madhya Pradesh, Bihar, 
Uttar Pradesh and West Bengal. In Madhya Pradesh, 
districts of Saugor, Jabalpur, Bilaspur, Iloshangabad 
and Chliindwara account for nearly 73% of the total 
area in that State. Similarly in Bihar, the districts 
of Patna, Champaran, Gaya and Shahabad contain 
about 75% of the total area. In Uttar Pradesh, the 
important districts are Bahraich, Deoria, Gonda, 


Banda and Bareilly. In West Bengal, the districts of 
Murshidabad, Malda and 24-Parganas account for 
about 74% of the area. The yield per acre is high in 
West Bengal and Bihar, while it is smaller in Uttar 
Pradesh and Madhya Pradesh {Marketing of Pulses 
in India, 1958, 7, 9, ii, 98-99. 106 107, 109, 175 177). 

Marketing -About 41.0% of total production is re- 
tained in the various States by the producers for seed 
and edible purposes and nearly 59.0% is available for 
marketing to other regions. 'I he cultivators dispose 
of the crop mainly as whole seed. Some of the im- 
portant assembling centres in the various States arc: 
Patna, Buxar, Gaya and Sultanganj in Bihar ; Saugor, 
Bhatapara and Piparia in Madhya Pradesh : Chilbar- 
gaon, Allahabad and Debra Dun in Uttar Pradesh ; 
Jiaganj and Howrah in West Bengal {Marketing of 
Pulses in India, 1958, 20, 49, 132). 

Lentil is sold often after processing into dlial, whole 
or split : whole pulse without husk is called variously 
as Malka masur, Clianti or Gota and is valued more 
than split dlial. The processing is done by crushing 
the seeds 2 or 3 times in hand or power driven chuk- 
kies and separating the dlial, cliooni and husk, after 
each crushing. The percentage of recovery in lentil 
ranges from 65-80% as dlial (whole or split) and 
1 1-25*!/,', as cliooni (broken bits) and busk {Marketing 
of Pulses in India, 1958, 33, 64). 

Price — Based on size of seeds, lentil is classified in 
trade as bold, medium and small. Generally bold 
([uality fetches a premium over medium and small 
([ualities. In some places besides si/e, the place of 
origin also matters. In Calcutta, bold lentil from 
Saugor, Jahal|nir and Bhopal fetches a higher 
premium over small and medium ones from Bibar 
and U.P. The main criterion in determining the size 
is the weight of 1,000 grains. Small grains weigh up to 
21.0 g., medium 21-31 g. and bold 31.1 g. and above 
The Civil Supply Department in U.P., the Food 
Department in Madhya Pradesh and Army Service 

' TABLE 5— AVERAGE WHOLESALE PRICES (PER MAUND) OF LENTIL 
IN SOME IMPORTANT MARKETS (l‘l.S 5 - 57 )* 



1955 

1956 

1957 


Rs. 

Rs. 

Rs. 

Calcutta 

11.06 

17.26 

17.60 

Kanpur 

n.a. 

16.79 

17.57 

Patna 

15.18 

21.15 

22..U 

Gwalior 

8.61 

1.S.91 

16.58 


* Mar ke It vir of Pufsvs in India, 195S, 182. 
n.a. not available. 
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Crops have prescribed specifications for lentil, whole 
as well as split, based on limits of refraction due to 
presence of dirt and damaged grains and also on 
moisture content. Table 5 summarizes the average 
wholesale prices in some of the important markets 
during the years 1955-57 (Marketing of Pulses in 
India, 1958, 35, 36, 38, 149, 152, 153). 

Lentil — sec Lens 

LEONOTIS R.Br. (Labiatar) 

A genus of herbs and shrubs distributed chiefly in 
Africa. One species extends into tropical Asia and 
America and seems to have naturalized in India. 

L. nepetaefolia R.Br. 

D.K.P., IV, 625: Kl. Br. Ind., IV, 691 ; Mukerjee, 
Rcc. hot, Surv, India, 1940, 14 (i), 189 ; Kirt. & Basil, 
I’l. 777 - 

Hindi & Bkno. Hcjurcliei; Mar. — Dipmal; Guj. — 
Matijrr, inatisul ; Tkl. Ranabhcri. 

MiTNDAKi~/lgiV/ jamnn ; Santai. — Dare dliompo, 
janinn dJionipo. 

An ornamental herb or shrub, 1.2-1.8 m. high, 
cultivated or found naturalized almost throughout 
the hotter parts of India, hut nowhere common. Stem 
stout, puheridous : leaves large, 6.3-15 cm. x 3.8-10 
cm., long-pet ioled, ovate, crenate-serrate, membra- 
nous ; flowers in verticillasters, orange-scarlet, brist- 
ly ; nutlets oblong-obovoid, c. 4 mm. long, obliquely 
truncate, margins ribbed. 

Analysis of seeds gave the following values; mois- 
ture, 8.8 ; ether extr. (fatty oil), 28.0 ; protein, 23.6 ; 
crude fibre, 14.3 ; N-free extr., 19.3 : and ash, 5.9%. 
Glucose, fructose, and a phy tin-1 ike substance contain- 
ing inositol, phosphorus and calcium have been 
identified. Steam-distillation of seeds yields 2% of a 
volatile oil. 'I’he fatty oil extracted from the seeds is 
similar to olive oil and has the following character- 
istics: sp. gr.gi’ *0.8984 ; , 1.4673 ; iod. val. (Ilanus), 

82.5 ; sap. val., 191.2 ; acid val., 1 1.2 ; R.M. val., 0.29 ; 
Polenske val., 0.15; acet. val., 4.87; and un.sapon.. 
matter, 3.(xj'',,. The component fatty acids of the oil 
are: linoleic, 1 1.9 ; oleic, 64.6 ; myristic, 1.3 : palmitic, 
12.0: and stearic, 1.2% (Chew. Ahstr., 1949, 43 , 
3491 : 1946, 40 , 747). 

The leaves yield a hitter principle, fatty oil (1%), 
a resin, resinic acid, and ash (7'X>) : calyx and flowers 
contain similar substances. Traces of an alkaloid-like 
compound are present in various parts of the 
plant ; the seeds possess feeble anti-malarial activity 
(Wehrner, II, 1079; Chew. Absir.^ 1949, 43 , 3491). 



FIG. 26 . LbONOTIS NEPETAfcTOl lA-FI-OWERING BRANCH 


The plant is reported to he used in skin affections. 
Ashes of flowers are applied to .scalds and burns. In 
Madagascar, the plant is considered ilepiirative, 
emmenagogue, febrifuge, laxative and narcotic and 
used in skin disea.ses, amenorrboea and fevers. A 
decoction of leaves is used in Porto Rico as tonic and 
febrifuge. In Brazil, the leaves are used in the treat- 
ment of rheumatic affections (Kirt. Basil, HI, 
2024 ; Dalziel, 461). 

L. leonurus R.Br., a native of South Africa, is 
grown in Indian gardens for ornament. The plant is 
reported to possess medicinal properties. The leaves 
contain two phenolic compounds (C.,H,„ 0 ., m.p. 
247-48° and ChH,,A., m.p. 229.5-30°), a resin (19.8%) 
and a reddish oil with a high boiling point. The plant 
is mildly anthelmintic but too weak to be of practical 
value. It is also feebly narcotic. A decoction of leaves 
is used as purgative and as an emmenagogue in 
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Africa ; it is also used for coughs and colds (Watt & 
Brcyer-Brandwijk, 156-57). 

LEONURUS Linn. {Lahiatae) 

A small genus of herbs distributed in Europe and 
|)arts of Asia, Africa and America. Two species are 
found in India. 

L. cardiaca Linn. Common Moiherwort 
FI. Br. Ind., IV, 678 ; Mukerjee, Rec. hot. Surv. 
India, 1940, I 4 (i), 192 ; Blatter, II, PI. 54. Fig. i. 

A perennial pubescent herb, up to 1.2 m. in height, 
(>( curring in the Himalayas from Kashmir to Kumaon 
at altitudes of i,8oo-3,(X)o m. Rootstock stout ; lower 
leaves ovatc-cordate or ovate-lanceolate, deeply and 
irregularly lohed, upper leaves lanceolate, lohed or 
entire ; flowers pink or white ; nutlets smooth. 

lOried leaves and flowering tops of the plant arc 
medicinal. They are considered tonic, antispasmodic, 
diuretic, analgesic and emmenagogue, and pre.scrihed 
to women sufl'ering from hysteria, heart palpitation, 
amcnorrhoea and general weakness after fever. The 
drug tones up generative organs and uterine mcm- 
hraiie. allays nervous irritability and affords relief 
from pain in stomach and gall bladder. It may be 
administered in the form of tincture, infusion or 
decoction. The leaves cause dermatitis (Auster & 
Schaefer, laeferimg 14, No. 41, 1958 : Youngken, 
733 I Steinmet/, II. 270 ; Wren, 237 ; Chopra, 1958, 

559); 

'riie dried plant contains alkaloids (0.35%). sapo- 
nins, tannins (2.14%). hitter principles, c.ssential oil 
(0.05%). carbohydrates (2.8 and traces of vitamins 
A and C. Stachydrine has been identified in the alka- 
loidal fraction (Auster & Schaefer, loc. cit. : Chnn. 
Ahstr., 1947. 41 , 7677). 

L. sibiricus Linn. Siberian Moiherwort 
D.E.P.. IV, 625 ; FI. Br. Ind., IV, 678 : Mukerjee, 
Rrc. hoi. Surv. India, 1940. 14 (i), 19^: Kirt. & Basil, 
PI. 77 1 B. 

HindI' Cuma. 

An annual herb, u[) to 2 m. in height, found in 
Assam, Bengal and Bihar, extending southwards to 
Mysore. Leaves long petioled, pinnati- or palmati- 
parritc ; flowers red, pink or blue ; nutlets smooth. 

The plant is not indigenous to India but found as 
a weed throughout the plains. In China, all parts of 
the plant, especially the seeds are used in medicine. 
The dried herb is credited with tonic, alterative, 
vulnerary and emmenagogic properties. It is employ- 
ed in puerperal and menstrual disorders. The leaf 



extract has been found to be effective towartls uterus 
contraction. Leaves and roots are used as febrifuge 
(Burkill, IF, 1329 : Kirt. & Basil, III, 2014 ; Monachino. 
Econ. Rol., 1956, 10 , 42). 

The plant contains an alkaloid, Iconurine 
(C,..,H,,jO|N,, ni.p. 238° : yield, 0.05';,,), fatty oil 
(0.5'Jo), a resin (0.37 v;,) and resinic acid (0.83%). Laurie, 
oleic, linoleic, and linolcnic acids have been isolated 
from the leaves. The alkaloid has a curare-like effect 
on motor endings. It produces a marked diuresis 
when intravenously injected into rabbit ; in concen- 
trations up to 1:1, OCX) it possesses haemolytic 
action. Administered to cats in small doses it acts as 
a respiratory stimulant : in large doses it causes 
respiratory paralysis (Wehincr, II, 1038 : Chem. 
Abstr., 1931, 25 , 771, 1285: llilditcb, 1956, 154). 

Analysis of seeds gave the following values: mois- 
ture, 5.38 ; protein, 10.06 ; fatly oil, 37.02 ; carbo- 
hydrates, 38.12 : fibre, 1.89 : and ash, 7.52%. The fatty 
oil (sp. gr.'"’ '"’‘, 0.9199 ; n'*'®’''*, 1.4739 : iod. val., 112.47) 
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consists of 84.85% unsaturatcd glycerides. The seeds 
contain an alkaloid, leoniirininc (C,„H,,OaN2, m.p. 
262-63®), and a volatile oil (Qiiisumbing, 819 ; Chem, 
Abstr,, 1933, 27 , 3287 : 1935, 29 , 2659). 

LEOPARDS (Class Mammalia, order Carnivora, sub- 
order Avluroidea, family Felidae) 

D.K.P., VI (4), 51 ; Fn. Br. Ind., Mammalia. 1 , 1939, 
222, 239. 247, 323 ; Sterndale, 82. 

Included under this title are the leopard or panther, 
the snow leopard (Ounce), the clouded leopard and 
the hunting leopard (Cheetah). The leopard and the 
ounce belong to the genus Panlhera ; the clouded 
leopard and the hunting leopard fall under the genera 
Ncofclis and / 1 c//?o/;v.v respectively. 

The leopard, Panthcra pardus Linn. (Hindi — 
Chceta ; Bf.no. & Mar. — Checta hagh ; Tel. & Mal. 
— Cliinna puli ; Tam. — Chiruthai ; Kan. — Honiga, 
herkal; Kashmir ^ ulr , Manipur — Kajcngla; Naca - 
Hurrea, kon ; Lepcha — ^yik), is distributed through- 
out Asia and Africa, except the Sahara. It is much 
smaller than the lion or the tiger. The thickness and 


texture of the coat and the markings on various parts 
of the body are not uniform. The ground colour 
varies from greyish or whitish buff to olivaceous with 
a huffish tinge ; the underside and under surfaces of 
limbs are generally white. The black spots on the 
head are prominent and sometimes extend for a short 
distance behind. The outer sides of limbs and belly 
are heavily spotted ; elsewhere the pattern consists 
of rosettes varying considerably in size and 
spacing. 

The leopard prefers scrub jungle or rocky places 
with hushes and caves for shelter. In its natural sur- 
roundings it is not readily recognized because of the 
obliterative effect of the colour pattern. The leopard 
preys upon any animal it can overpower hut, like the 
tiger, if incapacitated by injury or old age, it m^iy be- 
come a man-eater and also prove a menace to live- 
stock in villages round about its hiding places. In 
strength, the leopard, in proportion to its size, is near- 
ly equal to the tiger ; it is more active and lithe in 
movements and more dangerous bccau.sc of its ability 
to climb up trees. 
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The leopard is known to breed all the year round, 
the period of gestation is 13 weeks and usually two 
or four cubs are born in a litter. The breeding inter- 
val in the wild state is not known with certainty ; in 
captivity, however, the interval between litters is 
about a year. 

There are three races of the leopard, viz. Panthera 
pardiis fusca Meyer, P. pardus pifrnifrra Gray and P. 
pardus millardi Pocock. The race fusca or common 
Indian leopard has a bright ground colour and is 
found in almost all forests in India. The race 
pernigra occurs from Sikkim to Nepal at 1,800- 
2,400 m., and probably also in Kumaon and Carhwal. 
In winter it descends to the lower altitudes. It 
differs from race fusca in having a coarser, thicker 
and more woolly winter coat with large rosettes stand- 
ing out boldly against a comparatively pale ground 
colour ; a good many leopards of this race arc black. 
The race millardi is found in Kashmir, apparently at 
high altitudes. It differs from other races by the 
absence of bright hue in the pelage and by the posses- 
sion of small close set rosettes (Pocock, /. Bombay 


nat. Hist, Sou,, 1930-31, 34 , 307 ; Mosse, ibid., 
1930-31, 34 , 350, 673, 1015 ; Phythian-Adams, ibid., 
1948-49, 48 , 461 ; Ellerman 6 c Morrison-Scott, 316). 

Leopards are hunted for their skins which arc high- 
ly prized. The body fat is usetl in external applica- 
tions for muscular pains and sprains. The fat extract- 
ed from the abdomen of Panthera pardus fusca is pale 
cream in colour and has the following characteristics: 
sap. val., 196.4 ; iod. val.. 62.4 ; and free fatty acids 
(as oleic), 3,2%. The fatty acid composition of the fat 
is as follows: myristic, 2.3: palmitic, 20.1 ; stearic, 

13.7 ; arachidic, 1.7 ; unsaturated C,„ 1.8 ; unsaturated 
Ci,i, 10.8; oleic, 39.2: octadecadicnoic, 2.1 : and un- 
sat iirated Can, 8.3%: the component glycerides are: 
dipalmito-olein, 8.3 : palmilostcaro-olcin, 10.9 : dio- 
leopalmifin, 20.9 : dioleostearin, 18.5 : mono-oleohexa- 
dcccnostearin, 17.9 ; mono-oleohexadecenopalmitin, 

21.7 ; and hexadecenodiolein, 1.8 (mol. 'X.) (Pathak 
& Trivedi. Riochem. 1958, 70 , 103). 

Snow leopard or Ounce, Panthera (Ihicia) uncia 
Schreber (Simla & KirMAox — Bharal-haye ; Kunawah 
— Thurhagh ; Kashmir — Thunvagh ; liuonA — Ikar^ 



Photo : E. P. Walker, Nnv York /.oolo^ival Soviet \ 

FIG. 29. SNOW LEOPARIX-PANTHERA (UNCIA) UNQA 
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sachak), is found in the Himalayas, from Kashmir to 
Sikkim, at altitudes of 3,500-4,000 m. ; it descends to 
lower altitudes during winter. The ground coat is soft 
grey, sometimes tinged with huff, paling to white on 
the underside. The spots are unbroken and distinct on 
the head, nape and lower parts of limbs. The animal 
is valued for its fur and is trapped in pits. 

Clouded leopard, Ncofclis nchulosa tnacrosceloidcs 
I lodgson (Nf.pai. — l^amchitia ; Biiotta — Ktnifr ; 
Lkpcha PunfTfuar , satchuk), is found in the forests 
of Nepal, Sikkim, Bluiian and Assam. It dilTers from 
other felines in having exceptionally long canine 
teeth. It is rarely seen as it is nocturnal in hahii and 
inhabits dense evergreen forests. The ground colour 
of the coat varies from grey or earthy brown to pale 
or rich yellowish hrown fading to white or pale 
tawny on the underside. The clouded pattern of 
markings on the flanks is made up of dark blotches 
separated by paler interspaces. Though wary and 
savage in its natural surroundings, it can be tamed. 

The hunting leopard or cheetah is different from 
other felines in not having sheaths on claws. Two 
races are distinguished, viz. the Indian and the 
African. The Indian race, Aciuonyx juhatus vnuuiem 
Grillith, as compared to the typical African, lias a 
thinner, less woolly winter coat ; the male has no 
mane. 'I'he ground colour of the body varies from 
tawny to pale buff, the underside being white. A 
feature of the markings is a conspicuous hlack stripe 
from the eye to the mouth on each side : the rest of 
the body is marked by closely set solid spots. 'Hie 
cheetah loves open country and being an easy target 
has been hunted out almost to its extinction in India. 
It runs at great speed (up to 72 km. per hour) and has 
been occasionally tamed and trained for hunting 
(Pocock, /. tint. Hist. Soc., 1930 -31, 34 , 330 : 

Prater. 44-45. 55 : Kllerman & Morrison-Scott, 314 -15, 
320 21). 


Leopard Lily — see Belamcanda 

LEPIDAGATHIS Willd. (Acanlhaccac) 

A large genus of perennial herbs, undershrubs or 
shrubs, distributed througbout the tropics. About 25 
species occur in India. 

L. cristata Willd. 

D.lvP., IV, 625 ; FI. Br. Ind., IV, 516 ; Kirt. & Basil, 
PI. 723. 

Mar. — IMiuitcrada ; Tam. — Karappan poondu. 

A stiff imder.shrub with numerous branches pro- 
cumbent Irom a hard pe rennial rootstock found in 


dry situations and rocks in Delhi, Rajasthan. Gujarat, 
Cutch, Konkan, Deccan, N. Circars and Carnatic. 
Leaves sessile, opposite, linear-oblong, 2-4 cm. x 
0.3-1 cm. ; flowers white or pale pink dotted with 
brown or purple spots, in sub-radical clusters ; cap- 
sules small, ovoid, subacute with two ovoid-oblong, 
rounded seeds. 

'fhe leaves of the plant arc used as fodder. Ana- 
lysis of leaves gave the following values (dry basis): 
protein, 9.25 ; fat (ether extr.), 3.90 ; carbohydrates, 
40.85; fibre, 32.56: ash, 13.44: iron (FcoC).,). 1.32; 
calcium (CaO), 1.97 ; phosphorus (PaO-), 0.31 : and 
silica, 6.24% (Lander, Misc. Bull. Indian Conn, agric. 
Res., No. 16, 1942, 84). 

The plant is used as a bitter tonic in fevers. It is 
also a|)p 1 ied to itchy affections of the skin (Kirt. & 
Basil, III, 1894). 

L. hamiltoniana Wall, ex Nees (Mondari Agni- 
khair, ntr agia janum) is a dwarf herb with woody 
rootstock, linear or narrowly oblong leaves and 
purple flowers found in dry situations in tbe upper 
Cangctic plain, Bihar, Chota Nag|)ur, Orissa and N. 
Circars. The Oraons and Mundas are reported to use 
the plant as an application for skin diseases (Bressers. 
1 13 ; Kirt. & Basil, III, 1895). 

L. incurva D. Don syn. L. hyalina Nees is a small 
perennial herb, found throughout northern India 
from Jammu to upper Assam ascending to 1.500 m. 
and in Andhra, Madras, Kanara and Konkan. Leaves 
of the plant are chewed to relieve cough. L. trinervis 
Wall, ex Nees (Guj. — Harancharo, panini) is a small 
herb found in North-West Himalayas and Sikkim 
and from Bihar to central, western and S. India. The 
plant is considered a hitter tonic (Biirkill, II, 1330 : 
Kirt. & Basil, III, 1895). 

LEPIDIUM Linn. (Crucifcrac) 

A large cosmopolitan genus of annual or peren- 
nial herbs, undershriibs or shrubs. Five species 
occur in India of which L. sativum is widely culti- 
vated as a salad plant. 

L. draba Wm.—Cardaria draha (Linn.) Desv. 

D.E.P., IV, 626 : III, 415; FI. Br. Ind., I, 160. 

A perennial herb, 30-90 cm. high, found as a 
weed of cultivation in Punjab and extending west- 
wards. Leaves oblong to oblong-lanceolate, repand- 
toothed ; flowers w^bite, in branched panicles : pods 
deltoid with rounded angles. 

The ])lant is used as a vegetable and as fodder 
for cattle, horses, goats and camels in Afghanistan 
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and Baluchistan. Tender leaves are cyanogcnetic. 
The plant is poisonous to fish ; in Australia, it is sus- 
pected to poison stock. The plant is reported to 
possess anti-scorhiitic properties (Biirkill, 1009, 8 ; 
Wehnier, I, 393 ; Chopra, 1958, 587 : Wehh, Bull. 
Conn. sci. industr. Res. Aust.y No. 232, 1948, 43; 
Kirt. & Basil, I, 175). 

The seeds have a sharp latter taste and yield a 
sulphur-containing volatile oil. A light hrown, semi- 
drying, fixed oil with the following characteristics is 
obtained hy solvent extraction in 9.2-10.8% yield: 
sp. gr. 0.9129; val., 2.05; sap. 

val., 180.9; iod. val. (Ilanus), 136.1 ; R.M. val., 1.22 : 
Polenske val., 0.39 : and unsapon. matter, 2.4%, 
(Wehmer, f, 393 ; Kckey, 445-46)* 

L. latifolium Linn. 

D.E.P., IV, 627 ; FI. Br. Ind., I, 160. 

r^AiMKii CMonyut'h. 

An erect, perennial, leafy herh, 0.6 -1.2 in. high, 
found from Kashmir westwards. Leaves oldong- 
lanceolate, entire or dentate: radical leaves pctioled, 
cauline leaves sessile ; (lowers minute, white, in dense- 
ly panicied hractcate corymbs ; pods small, ovoid. 

The plant contains resins, two alkaloids, Havone 
compounds, a .saponin and a sulphur-containing vola- 
tile oil. It is considered depuralive and anti-seorhutic, 
and used as a resolvent in .skin affections : an infu- 
sion of the plant is given for liver and kidney 
diseases, l^harmacological tests sliow tliat the plant 
infusion increases the amplitude and decreases the 
fretiiiency of the isolated frog heart and regulates 
the rhytlnn ; it depresses, temporarily, the blood 
pressure in a dog (Chcni. Absir., 1954, 48 , 11 727: 
Gildeineister tV IIotTmann, II, 513 ; Kirt. Basil, I, 
176). 

The plant is said to he browsed hy sheep and 
goats. Seeds contain a mustard oil glucoside and 
myrosin (Clirm. Abstr.y 1945, 39 , 4432 : Wehmer, 1 , 
394 )- 

L. sativum Linn. Garokn Chkss 

D.K.P., IV, 627 ; FI. Br. Ind., I, 1^9 ; Kin. Ik Basu, 
PI. 67. 

HiKDi- Hfiliniy hurf ; Halim, alcvcri ; Mah. 

— Ahliva ; Guj. — Asalio, lialim ; Tki.. Adalavitulu, 
adeli, adityalu ; Tam. — Aliverai ; Kan. — AUibiin, 
kurutifre. 

Punjab — lialim, sharifundci, tezak ; Mundaki — 
Clianchur. 

A small, herbaceous, glabrous annual, 15-45 cm. 
high, cultivated as a salad plant throughout India ; 


it is found as an escape. I.»eaves variable, entire or 
variously lobed or pinnatisect: radical leaves long- 
petioled, twice pinnatisect, cauline leaves sessile, 
linear, linear-ohlong t)r pinnatifid : flowers small, 
white, in long racemes ; pods small, orbicular-ovate, 
notched at apex, winged : seeds solitary in each cell. 

L. sativum is a polymorphous species, considered to 
have originated primarily in the highland region of 
Ethiopia and Eritrea : Europe and western ,\sia are 
regarded as secondary centres of form (uigination 
(Stcheiikova, Bull. apj)l. Bol. Pl.-Breed., Scr. IX, 
No. I, 19^2, 183). 

Garden cre.ss thrives on any good light soil, hut 
does best on moist loam. It can he grown at all ele- 
vations, all the year round, hut the best crop is 
obtained in the winter season. Seeds are sown in the 
|)lains from September to kVhruary and on the lulls, 
from March to September. They are sown thiik and 
covered until germination begins. In a few days after 
sowing, the plants are ready for cutting. To get a 
continuous supply of leaves, sowing is done in succes- 
sion at intervals of 8 days (Gollan, 36-37 : Choudhri, 
118-19; Firniinger, 166; Williams cV Williams, 205). 

When grown for garnish, seeds are sown in o[)en 
siruations in shallow drills 8 12 in. apart. After-cul- 
ture consists in weeding and irrigation once a week 
during the dry weather. M'he crop is ready for harvest 
in 4-6 weeks. I'or .seed production, a few' plants are 
left in the ground until the .seeds are fully mature. 
The plants are then pulled out, dried, and .seerls 
.separated hy threshing (Gollan, 37; Choudhri, 119; 
Firminger, 166 : Bailey, 1947, h ^90). 

Garden cress leaves are consumed raw in salads ; 
they are also cooked with vegetable curries and ii.sed 
as garnish. 'Ihe ])lant is used as fodder for horses, 
camels, etc. It is also medicinal and u.sed in the treat- 
ment of asthma, coughs and bleeding |)iles. Leaves 
are mildly stimulant and diuretic, and useful in .scor- 
butic diseases and liver complaints. The root is u.sed 
in secondary syphilis and tenesmus. The .seeds of the 
|)Iant are rubefacient, galactagogue, emmenagogue, 
laxative, tonic, aphrodisiac and diuretic. They are 
used in poultices for hurts and sprains (Kirt. & Basu, 
I, 174 ; FI A.s.sam, 1 , 71 : Nadkarni, I, 736 ; Cains, /. 
Bombay nat. Hist. Soc., 1938-39, 40 , 706 ; Parsa, 
Qualit. Plant. Mat. Fcg., 1(960, 7 , 73). 

Analysis o( leaves gave the following values: 
w'ater, 82.3.: protein, 5.8; fat, 1.0; carhohydrafe, 
8.7 ; mineral matter, 2.2 ; calcium, 0.36 : and phos- 
phorus, 0.11%; trace elements: iron (28.6 mg./ 
too g.), nickel (40 /(g./kg.), cohalt (12 /*g./l^g*) ^ti'd 
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iodine (i lo ; vitamins : vitamin A, 2.970 i.ii. ; 

thiamine, o.ii; riboflavin, 0.17: niacin, i.o; and 
ascorbic acid, 87 mg./ico g. Cooked leaves contain: 
vitamin A, i.ii. ; thiamine, 70 /tg. ; riboflavin, 

0.15 mg. : niacin, 0.8 mg. ; and ascorbic acid, 39 mg./ 
KX) g. (Hlt/i Bull., No. 23, 1951, 32 ; Watt (k Merrill, 
Agric. Handh. U.S. Dcp. Agr/c., No. 8, 1950, 25 ; 
Wehmer, I, 393 : Iodine Content of Foods, 75). 

The plant yields on steam-di.stillation 0.115% 
colourless volatile oil (Cress Oil) with a characteristic 
pungent odour, containing variable proportions of 
benzyl isothiocyanate and benzyl cyanide. The 
former is a hydrolytic product of the glucosidc gluco- 
iiopaeolin and is released by the action of myrosin, 
which is normally present in the plant, when the 
comminuted material is subjected to steam-distilla- 
tion : benzyl cyanide is formed by the action of hot 
steam on the plant material and is the predominant 
constituent of the volatile oil when steam-distillation 
is elfected with prior comminution of the material. 
The volatile products of crushed leaves show anti- 
bacterial activity against Bacillus suhtilis and Micro- 
coccus pyogenes var. aureus ; their activity against 
Escherichia coli is less pronounced (Gildemeister & 
Hoffmann, II, 511-13 ; Allen, IV, 512 ; Chem. Abstr., 
1953, 47, 12503). 

Analysis of cress seeds gave the following values: 
moisture, 5.69; protein, 23.5: fat, 15.91: ash, 5.7: 
phosphorus (1^^.), 1.65 ; calcium, 0.31 ; and sulphur, 
0.9';,,. The seeds contain an alkaloid (0.19%), glucotro- 
paeolin, sinapin (choline ester of sinapic acid), sinapic 
acid (4-hydroxy-3 : 5-dimcthoxycinnamic acid, 
C,,II,aO.„ m.p. 192°), mucilaginous matter (5%), and 
uric acid (0.108 g./kg.). On steam-distillation, they 
yield a volatile oil similar to that from the whole 
herb. 'I’he oil has pronounced oestrogen activity ; 
tests on immature rats receiving 3-4 drops of the oil 
with their diet showed consistently better develop- 
ment and higher weights of the ovaries than control 
animals and exhibited several haemorrhagic follicles 
in the ovaries (Sahasrabiiddhc & De, Curr. Sci., 1943, 
12 , 23 ; Gildemeister & Hoffmann, II, 512-13 ; 
Wehmer, suppl., 118 ; Chem. Ahstr., 1953, 47, 4048). 

The seeds yield up to 25.5% of a yellowish brown, 
semi-drying oil with a peculiar disagreeable odour, 
used for burning and soap making. The oil has the 
following characteristics: sp. gr.‘'^\ 0.909: n*’*’, 
1.4695 ; acid val.. 0.96: sap. val., 185.0; iod. val. 
(Wijs), 1 3 1. 4 : acet. val., 5.8 : R.M. val., 1.14 ; Polcnske 
val,, 0.69 ; Hehner val., 93.8 ; and unsapon. matter, 
1.8%. The percentages of saturated and unsaturated 


acids in the oil arc as follows: palmitic, 1.27 ; stearic, 
6.01 ; arachidic, 1.54; behenic, 1.73 ; lignoceric, 0.2: 
oleic, 61.25 • linolenic, 28.0. The unsaponi- 

ftablc matter contains ^-sitosterol and a-tocopherol 
(1830 /tg./g. oil). The oil possesses anti-oxidant proper- 
ties ; the optimum stabilising concentration when 
used as an additive for linseed oil is 10% (Vasudev 
ct al., /. sci, industr. Res,, uj^ 6 , 15B, 725 ; Allen, II, 
182 : Lotfy el al., J. Amer. Oil Chem. Soc., 1957, 34, 
96). 

The seed mucilage, known as Cress Seed Mucilage, 
is used as a substitute for tragacanth and gum-arabic. 
It allays the irritation of the mucous membrane of 
intestines in dysentery and diarrhoea. The mucilage 
consists of a mixture of cellulose (18.3%) and uronic 
acid-containing polysaccharides : acid hydrolysis 
yields L-arabinose, li-galactosc, L-rhamnose, D-galac- 
turonic acid and D-glucose. A(|ueous extracts of seeds 
llocciflafed clay susi)ensi()ns ; the activity is greatly 
enhanced by the addition of a little alum solution 
(Whistler & Smart, 333; Chem. Abstr., 1953. 47, 
5974)- 

L. iberis Linn, is found in southern Furopc and 
extends to Siberia. 'Fhe seeds of this herb are medi- 
cinal and are reported to be imported into Bombay 
from Persia and sold in bazaars under the name 
Toivdri for use as blood jiurifier ; they are prescribed 
in bronchitis and dropsy. When soaked in water they 
become thickly coated with mucilage. 'Fhe plant is 
rubefacient in rheumatism. Flowering tops and smls 
contain an amorphous bitter principle, lepidin. The 
plant yields a sulphur-containing volatile oil 
(Dymock, Warden ik Hooper, I, 119; Wehmer, 
r. 394)- 

The seeds of the white variety of this species, 
L. iberis var. alba (Hindi — Safed lozedri) contain a 
fatty oil, mucilage, colouring matter, and a volatile 
oil. Extraction witli petroleum ether gave 5.5% of 
a yellow fatty oil with a mustard oil-1 ike odour ; it 
has the following characteristics : sp. gr.'^'’’, 0.9408 ; 

1.4109 : acid val., 20.3 : sap. val., 182.3 ’ 

(I laniis), 1 15.8 : and unsapon. matter, 0.74%. The 
fatty acids of the oil are: oleic, 12.9 ; linoleic, 47.87 ; 
linolenic, 5.43 ; erucic, 31.97 ; stearic, 0.54 ; and palmi- 
tic, 1.22% : the unsaponifiablc matter contains phy- 
tosterol and sitosterol. The seed mucilage contains 
19-20% cellulose and on hydrolysis gives galac- 
tose, arabinose, rhamnose and galacturonic acid 
(Joshi & Tewari, Arch. Pharm., Berl., 1957, 250, 
2 '5. 2J7). 
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rndcralc Linn, is an annual, erect or diffuse 
herb found in Bhutan, Kumaon and Kashmir at 
altitudes of 2,i(K)-3,9oo m. The herb and ground 
seeds yield volatile oils similar to that of other Lcpi~ 
ditnn spp. Ai|UCous extract^i of the herb cause a 
brief drop in blood pressure and depress respiration 
in mice and rabbits. The plant is used in impetigo 
(Wehmer, 1, 393 ; Chem, Abslr.y 1954, 48, 4122 ; Kirt. 
& Basil, I, 176). 

Lepidolite — see Lithium Ores ; Mica 

LEPIONURUS Blume (Opiliaceae) 

FI. Br. Ind., I, 583 ; l"l. Assam, 1 , 250. 

A very small genus of shrubs or small trees, 
occurring in tropical Asia. (.)ne species is recorded 
in India. 

L. syivesiris Blume syn. L. ohUmgijolius Mast. 
(Lcsiiai — Anpfin^tlitidin ; Mikir — frnpfti-kelok) is a 
shrub or small tree, 2 m. high, with oblong-lanceolate 
to elliptic or obovate leaves and minute greenish 
flowers found in Sikkim, nortliern Bengal, Assam, 
Khasi, Lushai, Aka and Abor hills, at altitudes of 
6 (k)-i,5oo m. The plant and its roots are reported to 
be used as a poultice for headache in children 
(Burkill, II, 1331). 

LEPIRONIA Rich. (Cyperdveae) 

FI. Br. Ind., VI, 684. 

A small genus of herbs distributed from Madagas- 
car through tro|)ical Asia to Australia and Polynesia. 
/.. driieuldtd Domin syn. L. muerottdld Rich, is re- 
ported tt» be found near 'rran(|uebar in Madras State, 
perhaps only cultivated or as a casual escape. 

L. drticdidld is a sedge with tufte<l stems, c. 0.9 m. 
high. It is cultivated in Borneo by transplanting 
clumps in ponds, c. 0.3 m. deep, containing black 
mould at the bottom. The crop is harvested after a 
year when it is full grown. Stems are cut and <lried in 
the sun on layers of wood ashes, freed from leaf 
sheaths and lieil into bundles. They are used for 
making mats (FI. Madras, 1674 ; Burkill, II, 1332). 

LEPISANTHES Blume {Sapimheede) 

A genus of shrubs and trees distributed in tropical 
Asia. About six species occur in India. 

L. tetraphylla (Vahl) Radik, syn. Hemi^yrosd canes- 
cetis Thw. 

D.E.P., IV, 221 : FI. Br. Ind., I, 671 ; Benthall, 
120, Fig. 

Mar . — Kttrpa ; Tfj.. — Korivi ; Tam. — Nekota, 


kdradipongan, masamailii ; Kan. — Kurpalt, mool- 
tagd, kalu-yette ; Okiya -Patiikusnni, 

A shrub or a moderatc-sizcti evergreen tree with 
roumled crown and more or less crooked trunk, 
occurring in many parts of the Deccan Peninsula up 
to an altitude of 9 (m) m. It has been planted as a road- 
side tree in Calcutta. Bark smooth, brownish, exfoliat- 
ing in large flakes ; leaves paripinnatc : leaflets 2-4 
pairs : flowers small, whitish, polygamo-monoecious, 
in panicles ; fruits yellow, tomentose, 1-2.5 cm. in 
diam., sub-glohose or trigonous, enclosing 2-5 seeds 
set in a white translucent pulp. 

The fruit has a sweetish pulp and is edible. 
'File wood (wr., 60 Ib./cu. ft.) is white, moderately 
soft and even-grained : it is occasionally used for 
house building (Benthall, 120; Gamble, 192). 

LEPTADENIA R. Br. {Asclepidddcedc) 

A small genus of erect or twining shrubs distribut- 
ed in tropical and sub-tro|)ical parts of Asia and 
Africa. 'Pwo species are found in India. 

L. pyrotechnica (Forsk.) Deciie. syn. L. spdrtium 
Wight 

D.K.P., IV, 630; FI. Br. Ind.. IV, 64. 

Guj. — Kfiip. 

Punjah — Kip ; Rajas iiiAN -K/t/n//). 

A much-branched, often lealless shrub up to 
i.S m. high, found chielly in dry and saiuly places in 
Punjab, western U.P., Rajasthan and northern |)aris 
of Bombay along the sea coast. Leaves linear or 
linear-lanceolate, 2.5-5.t> cm. long, glabrous ; flowers 
yellow, in small umbellate cymes ; follicles lanceolate, 
terete, 8.7-11.2 cm. long. 

The plant yields a libre used for rope making. It 
is reported to be suitable also for paper manufacture. 
The plant provides fodder for cattle, horses and 
camels. It is also used for thatching purposc*s. The 
tuberous root is consumed as vegetable (Dal/iel, 388 ; 
Nadkarni, I, 73S). 

L. reticulata Wight tV Arn. 

D.F.P., IV, 630; FI. Br. Ind., IV, 63. 

Sans. -Afcc/u ; Hindi — Dori ; Mar. ^ (inj. — /)oc//, 
udhdtiidodi, khirkhodi, rdidodi^ shin^titi ; 'IV.i.. — 
Kdidsd, niukknhnnviuduy paldti^e ; T\\\, -Pdlai- 

kkodi. 

A much-branched twining shrub found in sub- 
Himalayaiv tracts of Punjab and U.P. and through- 
out the Deccan Peninsula up to an altitude of 9(M) in., 
particularly in hedges. Bark yellowish brown, corky, 
deeply cracked ; leaves ovate cordate, coriaceous, 
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FIG. 30 . LKPTADF.NIA RETICULATA-FLOWERING BRANCH 


glabrous above, more or less finely pubescent 
beneath : flowers in many-llowered cymes, greenish 
yellow ; follicles sub-woody, 6.3-9 turgid. 

The plant is stimulant and restorative. It is occa- 
sionally used in nt)se and ear troubles ; leaves and 
roots are useful in skin affections and wounds. Alco- 
holic (5o‘X>) extracts of roots and leaves show anti- 
bacterial activity against Gram-positive and Gram- 
negative baiteria, including Micrococcus pyo^eucs 
var. (itirciis, -var. albus, and -var. citreus. Bacillus 
uic^alhcriinu, Escherichia coli, Sabnonclla typhi, and 
Prolrus vulgaris; they are also active against Tryco- 
phylou rubrum. Intravenous administration of acpie- 
ous extract of stems has a pronounced and prolonged 
hypotensive action in anaestheti/ed dogs ; it appears 
to be nontoxic. The plant has been clinically tested 
and lound usetul in the treatment of habitual abor- 
tion in women (Kirt. Rasu, HI, 1630; Nadkarni, 
I, 5(;6 : Patel iV Dantwala, hidiau ]. I'harni., 1958, 
20, 241 : Agarwal cl al., Indiati f. uicd. Res., i960, 48, 
457 : Mangeshikar, /l///t.s77;//c, 1958. 55 , 487). 

'Phe stems and roots of the plant yield a waxy 
material compf)sed mainly of aliphatic esters derived 
from long-chain alcohols and long-chain 

acids (C.,, Cvj) ; a colourless crystalline substance 
(m.p. 115") is also jiresent, but not characterized. A 


considerable amount of sterols is present in the free 
condition : stigmasterol is the major component and 
small (piantities of sitosterols, of which y-sitosterol 
has been identified, arc also present. A fructosan (7-8 
hexosc units) of the inulin type has been separated 
from the tubers. Tubers, shoots and follicles of the 
plant are eaten as vegetable in times of scarcity 
(Murti & Seshadri, Proc. Indian Acad. Sci., 1944, 
20A, 266 : Mukherjee & Srivastava, /. .sci. industr. 
Res., 1951, lOB, 324). 

LEPTOCHLOA Reauv. [Crramineae) 

A genus of annual grasses, found in tbe tropical 
and sub-tropical regions of both hemispheres. About 
5 species occur in India. 

L. chinensis Nees* 

D.K.P., IV, 630: nr, 423 : Kl. Rr. Ind., Vll, 299; 
Rlatter & McCann, 244. 

Hindi — Chanhel ; Tkl. — Cheepura gaddi ; Tam. — 
Aeri pul ; Kan. — Kadu sauna karisajjai hullu. 

An annual grass with erect stem, 0.6- 1.2 m. high, 
arising from a geniculate base, found tbroughoiit 
India in moist places, along borders of water courses 
and in paddy fields. It grows luxuriantly under 
favourable conditions and affords good fodder for 
cattle. Analysis of gra.ss (from Indonesia) gave the 
following values (dry basis): protein, 9.57 ; fat, 1.48 : 
carbohydrates. 43.49: fibre, 31.65; and ash, 13.80%. 
The grain is reported to be used as famine food in 
Kast Africa (Rurkill, IT, 1333 ; Ranga Acbariyar, 
292 : f'l. Assam, V, 112: Jacob, Madras agric. /., 1940, 
28, 63 ; Walandouw, J. sci. Res, Indonesia, 1952, 1, 
208). 

L. obtusiflora llochst. 

FI. Rr. ind., VIT, 299. 

An erect annual grass with branched leafy stem, 
60 cm. tall, found in S. India at elevations of 
300-600 m. It docs not thrive under dry conditions. 
Analysis of grass (from Madras) gave the following 
values: moisture, 6.88 ; crude protein, 3.99; carbo- 
hydrates, 43.87 ; ether extr., 1.19 ; crude fibre, 36.51 ; 
ash, 7.56 ; lime (CaO), 0.523 : phosphoric acid (P2O;,), 
0.793 : and insolubles, 4.36%. it is not toxic to cattle 
though it contains small amounts (0.011%, at full 
bloom and 0.0082%, after seeding) of hydrocyanic 

* 'rhis sjK’rics and L. fiauicca (IU*t/.) Ohwi arc regarded ])y 
some authors as varieties of the same species. However, they are 
distinguishable in the field hy appearance and their chroinosoinc 
nunihers are also dilTerenl, 2n-~40 in f.. chinensis and 2n--20 in 
/.. ftaniceft (Haines, V, 972); VI. Assam. V, 112; Darlington & 
Wylie, 429; Hor, personal communic’alion). 
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acid {Mem. Defy. Agric. Aladras, No. 36, 1954, 611 ; 
Chandrasekhara Iyer et al., Madras agric. /., 1948, 

35, 379). 

L. panicea (Rerz.) Ohwi syn. I.. filiformis l^'l. Br. 
Tnd. iu)ii Beaiiv. ; L. eonlracla Blatter & McCann 
FI. Br. [nd., Vll, 298. 

An annual )>;rass with erect slender stems, 30-60 
cm. high, found in moist situations near canals and 
ponds Throughout India up to about 600 m. If is 
eaten ])y cattle when young. Analysis of grass (from 
Indonesia) gave the following values (dry basis): 
protein, 6.73 : fat, 0.87 : carbohydrates, 43.39 ; fibre, 
30.84 ; and ash, 18.17'V. (Rhind, 33 : Walandouw, 
/. sci. Res. Indonesia, 1952, I, 208). 

L. neesii (Thw.) Benth. syn. L. polystachya Bcnth., 
an annual grass found sometimes in marshes in the 
eastern di.stricis of Andhra Pradesh and Madras, is 
readily eaten by cattle when young (Burkill II, 1333). 


LEPTONYCHIA Turez. (Siercidiaceae) 

FI. Br. Ind.. I, 378. 

A small genus of shrubs or trees distributed in 
tropical Asia and Africa. Two species are found in 
India. 

f.. heteroclila Kurz syn. L. glabra Turez. is an ever- 
green shrub or a small tree reported to he found in 
Soutli Andamans. Leaves ohloug-lanceolate. 5 10 rm. 
long, base somewhat i)l)li(jue. glabrous or thinly 
stellate-hairy ,* flowers in axillary cymes, small, 
whitish ; capsule depressed pyriform, c. 1.25 cm. long, 
coriaceous, rugose, with one black seed. In Malaya, 
leaves of the plant are reported to he used in jioid- 
tices for ulcers : a ilecoction of the roots may lie 
taken before child birth and as febrifuge. L. mnacur- 
roides Bedd. is a closely related free, c. 9 m. in height, 
fotind in South India up to an altitude of 900 m. 
(Burkill, II, 1334 ; Bourdillon, 50). 

LEPTORHABDOS Schrenk {Scrnphulariaceae) 
D.F.P., IV, 631 : FI. Br. Ind., IV, 303 ; Blatter, II, 

l’<- 47- f'g- 4- • 

A small genus of annual herbs found in Central 
Asia and N. India. L. parviflora Benth. (syn. L. 
henthamiana Walp. : L. linifolla Walp.) is a small 
herb with pinnatisect leaves and many flowered 
slender racemes, found in temperate western Hima- 
layas. from Kumaon and Oarhwal to Kashmir at alti- 
tudes of 1,500 3,3(H) m., and further westwards in 
Baluchistan, Afghanistan and Persia. It is reported 
to he one of the principal summer fodders for sheep 
and goats throughout the juniper forests of Baluchis- 
tan (Pennell, 93-94). 

Lepus — see Rats and other Rodents 

LESPEDEZA Michx. (Legtnnitmsae) 

A fairly large genus of herbs, undershruhs or 
shnd)s, occurring in temperate and tropical regions 
throughout the world. About 15 species are recortled 
in India. 

L. cuneata G. Don syn. L. sericea Mi(j. non Benth. 

PeK KNNIAL I .ES1‘EI)E/A 

FI. Br. Ind., II, 142 : FI. Japan, 417, Fig. 1251. 
Deura Dun — K/iunjtt. 

An erect undershndx 60-^/) cm. high, with tough 
long branches found along the Himalayas from 
Hazara and Ka.shmir to Bengal up tn 2,4cm> m. and 
in Nilgiris and Palnis up to 2,i(K) m. Leaves trifolio- 
late. ascending, crowded: leallets 6-12 mm. long, 
linear-cuneaie. rigidly coriaceous, usually glabrous 
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1.A.HJ., New Pc! hi 

FIG. 32. LESPEDEZA CUN EATA— FLOWERING BRANCK 


above and silky hairy below ; llowcrs 2-4, pale yellow 
or white, tinged with purple, borne on short pedicels : 
pods very small, orbicular. 

Perennial lespedeza is grown in U.S.A. for forage 
purposes and for soil improvement. Klforts have been 
made in India to raise crops from seeds obtained 
from U.S.A. ; the results have not proved encourag- 
ing in many parts of the country except in Assam 
and in the ex|>erimental farm of the Indian Agricul- 
tural Research Institute, New Delhi. The growth of 
the plant is slow in winter ; with the advent of frost 
the shoots dry uj). hut sprout again as the season 
warms up. Tlie growth is profuse during the rainy 
seavson and four cuttings can he taken between May 
and September | Whyte et al., 2S4 ; McKee, Fmrs* 
Bull. U.S. Dcp. /igne.. No. 1S52, 1946 ; Woodford, 
Indian Fnifr, 1940, 1, 274 : Yegna Narayan Aiyer, 
1950, 122 ; Pal & Singh. Indian Fmg, 1949, 10, 423 : 
Indian Fmg, 1951, 12(i & 2). 31]. 

L. cuncata contains tannin (whole plant, 5. 1-8.0% ; 
leaves, 7.5-18%) and the plant is not much relished 
by stock. The tannin content is particularly large if 
the plant is not cut early : for making hay, the plant 


is cut when it is 25-37.5 cm. high ; a yield of 1-4 tons 
of hay per acre per season has been recorded. Feed- 
ing trials have shown that the hay is inferior to 
L, striata hay in nutritive value. The crop can he con- 
verted into silage. Analysis of cuttings from plants at 
the Indian Agricultural Research Institute showed 
that they contain 23.18*0 protein hut the outturn is 
not much and the feed material becomes fibrous un- 
less cut early | McKee, loc. cit. ; Morrison, 324 ; 
Shuey, Chemurg. *949* -5 * I^^dian Fnig^ 

1951, 12(i & 2), 31]. 

The stalks, left after harvesting the crop can he 
used as raw material for paper pulp. The pulp obtain- 
ed (yield, c. 50*;.,) by semi-chemical and chemical 
treatmenls is short-lihred, has high gloss and is ea.sy 
to bleach. It is suitable for clieap paper. Bleached pulp 
can he blended with long-fibred pidps and used for 
speciality papers |Sproull & Banks, Chcmtir^. Dtg., 
1949, 8(12), 7]. 

The seeds of the plant are eaten by wild birds. 
They yield a semi-drying oil ,(iod. val., 153.8) (Wiley 
et al.t J. Amvr. Oil (diem. Sac., 1951, 28, 459). 

L. striata Hook. & Avn.^Micralcspedeza striata 
Makino ; Kummerowia striata Scliindl. Japank.sk. 
Clover. Annual Lespedeza, C.ommon Lespedeza 

D.K.P., IV, 631 ; Bailey, 1947, II, 1845 ; FI. Japan, 
415. Fig. 1245. 

A [)uhescent, tufted, decumbent or ascending 
annual, 45 cm. or more in height, distributed in Jajian, 
Korea. Manchuria, Mongolia and China. It has be- 
come naturalized in Upper Shillong (Assam) and is 
found growing wild in many places. The plant hears 
numerous small trifoliate leaves and pink or purple 
Bowers (Hector. 11, 695 ; Woodford, Indian Fm^r, 
1940, 1, 274 : Hutcheson et al., 303). 

L. striata is commonly grown in U.S.A. as pasture 
and fodder crop anti for erosion control. It is said to 
he acid tolerant and suitable for poor and worn out 
lands. Tt is particularly valuable for permanent pas- 
tures since it reseeds itself ; it is often grown mixeil 
with grasses or sweet clover, but for liay it is sown 
pure. A yield of 1-3 tons of hay per acre is reported 
[Hutcheson et al., 305 : Ahlgren, 124, 129 ; Morrison, 
322 ; Henson & Hanson, Fmrs' Bull. U.S. Dcp. /Igr/c., 
No. 2113, 1958]. 

Common lespedeza hay is comparable to alfalfa 
hay in feeding value : it is a rich source of carotene. 
Mouldy hay is, however, liable to produce a haemor- 
rhagic disease, similar to that produced by sweet 
clover {Melilotus spp.) (Morrison, 323-24, 1 105). 
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The plant is also used as green manure. The seeds 
are eaten by wild birds ; they yield a semi-drying oil 
(iod. val., 149.7) (McKee, Fmrs* Bull, U,S, Dep. Agric., 
No. 1852, 1946 : Davison, Lcafl, U,S. Dep. Agric,, No. 
373, 1954 ; Wiley ct al.,J, Anier. Oil Chem, .Soc., 1951, 
459 )- 

fj. Si ipiilacca Max i m.- K um nicrmvia sti pnlacea 
Makino (Korean I^esi»edeza) is an annual grown in 
U.S.A. for fodder purposes. It has been introduced in 
India and considered valualde for grazing and bay. 
It is useful also as a green manure crop and for ero- 
sion control (Pal Singh, loc. cit. : Whyte et al., 
362- 63 : Hutcheson et al., 305 ; Morrison, 323). 

LETTSOMIA R(jxb. {Convolvulaceae) 

A genus of climbing shndts distributed in tropical 
continental Asia and Malaysia. About 20 .species occur 
in India. This genus is now regarded as a synonym 
of Argyreia Lour, by most authors. 

L. elliptica Wight- /Irgy/'t'tV/ elliptica (Wight) Choisy 

SlLVERVVEKl) 

D.i:.]*., IV, 632 : FI. Hr. Ind., IV, 192 ; 'lalbot, II, 
Fig. 429. 

Mwi. -Bondvel, souariel, khedari : Tam. — Unnay- 
(tttgodi : Kan. Uganihamlm. 

A large handsome climbing shrub, found in 
Deccan, Carnatic, Anaimalai hills and western ghats 
from Konkan southwards to Kerala up to i,2ck) m. 



FIG. ii. LETTSOMIA EI.LIPTICA-FLOWERING BRANCH 


Leaves ovate or elliptic-lanceolate : flowers rose 
coloured or pale purple, in lax corymbose or pani- 
culate cymes ; fruits small, depressed-globose, orange 
coloured. 

Fresh leaves aixl twigs of the |)lant are employed 
as green manure in paddy fields in some parts oI 
Mysore. Analysis of green material gave the follow 
ing values: N, 0.63 : PmO.,, 0.14 ; KjO. 0.47 : and CaO, 

0. 50% (Iyengar, Mysore agric. /., 1956, 31 , 5). 

L. uggregata Roxb. --- /I rgvrciV/ (Koxb.) 

Choisy syn. L. inysarensis C.H. Clarke (Mar. Boud- 
vel ; TKL.~-Errakuta ; K\s. -IJganihalli, hudeu-hally) 
is a large climbing shrub with ovate-cordate leaves 
and small, campanulate. pink flowers, in dense capi- 
tate cymes found in C’hota Nagpur, Orissa (Puri), 
Deccan, Carnatic, Anaimalai hills and western ghats 
from Konkan southwards to Kerala. 

A paste of the leaves is applied externally in cough 
and (juinsy. 'Fhe stem is used for tying bundles (Kiri. 
& Basil, III, 1 71x9 : Rama Rao, 276). 

L. srtosa Rosh. — A rgyreia .setosa (Roxb.) ('hoisy 
(Mar. — Bhaisvel ; Tv.\.. -Mayalige, verrihudditige ; 
'Pam. — Ihwayaugodi ; Oriya -Rouo-niour/r/, t/o/- 
hhada ; M.vdiiya Prade.sii Bhaisria, hudlizcara) is 
a large climber with ovate-cordate leaves and pretty 
rose coloured or whitish flowers in den.se corymbs 
occurring in Bihar, Chola Nagpur, Oris.sa, upper 
Cangetic plain, Madhya Pradesh, Mt. Ahii. N. 
Circar.s, Deccan, eastern .slopes of Palni hills and 
Konkan .southwards to Kerala. The leaves are eaten 
as vegetable. The pliable stems are used as rope for 
tying bundles (Witt. 164 : k'irminger. 437). 

Lettuce — see Lactuca 

LEUCAENA Benth. (l.egunmiasae) 

A genus of trees and .shrubs native of tropical 
America and Pacific I.slands. L. glauca Benih. is 
widely cultivated in tropical and sub-tropical coun- 
tries and is naturalized in India. 

L. glauca Benth. White Poimnac, Lead Tree 
D.K.P., IV, 632 : FI. Br. Ind., II, 290. 

Cuj. — Lasohaval, vilayatiharal ; Kanili ; 

'Pam. — Tagarai, iiattuccavundal ; MA\..-~Takarainiu 
ram ; Oriya Rajokasmidiri. 

Lakhimfur — Toira kadam ; Gunti'r 

kesari. 

A large .shrub or a .small tree, up to 9 m. in height, 
found throughout the plains of India. Bark brown- 

1. sh ; leaves bipinnate, 7.5-18 cm. long: pinnae 4-8 
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pairs, 5-9 cm. long, leaflets lo-ij pairs, linear-oblong, 
c. 10 min. x3 inin. : flowers small, whitish; pods 
straight, flat, 12.5 15 cm. x 1.3-2 cm., obliquely 
triangular at. apex, narrowed at base ; seeds i5"-25, 
(lark brown, with hard shining testa. 

L. glauai is mostly grown in hedges of gardens and 
near villages. It prefers deep clayey soil and is 
drought- resistant over long periods. Its rugged habit, 
dee]) root system, abundant seeding and (piick growth 
enable it to establish itself even in rather unfavour- 
able situations. It regenerates and spreads readily 
from self-sown seeds, hut natural vialDility of .seeds 
is low (e. 10';/,). For cultivation purposes, the seeds are 
scarified before .sowing : sleeping in hot water at 
70*" -80'' for five minutes also facilitates germination. 
In starting fresh plantations, it is usual in the Philip- 
pines to inoculate the .soil with nodule organisms (by 
mixing soil from old plantations of L. glauca) before 
j)lanting. L. glauca can he pro])agated from cuttings 
(2-5 cm. diam.) and stumps. It coppices vigorously 
and the growth of coppice shoots is more rapid than 
that of seedling plants (U.se of Leguminous Plants, 
163, 218-19: Venkatarati.am, Madras agric. /., 1948, 


35, 179; Parker, Indian For., 1929, 55, 641 ; Troup, 
11,486). 

The utility of L. glauca for afforesting grasslands 
has been proved in the Philippines. It is also planted 
for filling forest gaps, as wind-break and for checking 
soil erosion. It is grown in many countries as shade 
and cover plant in plantations of tea, coffee, cocoa, 
rubber, cinchona, teak and sal : in Guntur (South 
India), it is planted in betel vine gardens. It .sheds 
its leaves regularly and enriches top soil with organic 
matter. It .stands pruning and even stumping ; 
under normal conditions, i,o(k) fully grown trees, 
when pruned and topped every two months, yield 
<:. i5.0(X) kg. of fresh leaves per acre per annum. 
The leaves contain (dry basis): N, 3.85 : PaO,„ 0.38 : 
K.^O, 1.76 : and CaO, 4.10%. Leaves and twigs are rich 
in nitrogen and potassium salts and can he used after 
com|)osting. Powdered .seeds also make u.seful manure 
(Troup, TI, 486: Burkill, II, 1337: Dijkman, pAon. 
Bot., 1950, 4, 337 ; Whyte ct al., 285 ; Krishnaswamy, 
Indian For., 1956, 82, 153 ; Reddi, Madras agric. /., 
1946-48, 34-35, 155 : Idnani & Chihher. Sci. Cult., 
»952 - 53 » 3 ^> 2 ). 

Tops, leaves, pods and seeds of the plant arc re- 
lished by cattle, sheej) and goats. Analysis of green 
foliage gave the following values: dry matter, 29.4; 
protein, 5.3; fat, 0.6; N-free extr., 12.2: fibre, (;.7 : 
mineral matter, 1.8: digestible protein, 3.9; and 
total digestible nutrients, 17.5% : nutritive ratio, 3.5. 
The leaves are a good source of protein and carotene 
and can he employed as supplement to alfalfa leaf 
meal in poultry rations. Seeds may he used as con- 
centrates for dairy animals (Whyte ct al., 285 ; Neal, 
360 : Morrison, 327, 1026 ; Ylagan & Sanchez, 
Philipp. Agric., 1957-58, 41, 238). 

When consumed in excessive quantities, all parts 
of L. glauca are toxic to monogastric animals, like 
hor.ses, pigs, rabbits and chickens, and cause great 
loss of hair ; regeneration of hair is observed when 
the animals stop eating the plant. L. glauca is al.so 
reported to cau.se lo.ss of fertility. The toxi- 
city is due to an alkaloid, leucenine or leucenol, 
^-[N-(3-hydroxy-4-j)yridonc)|-rt-amino-propi(mic acid. 

m.p. 226-27”, reported to he identical 
with mimosine (from Mimosa pudica Linn.). Addi- 
tion of small amounts of soluble iron .salts to the feed 
counteracts the toxic effects to a considerable degree. 
Heat treatment of leaves and .seeds after moistening 
lowers the alkaloid content. It has been recently re- 
ported that L. glauca has the property of extracting 
.selenium from the .soil and concentrating it in the 
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Seeds. Many ul the toxic symptoms observed in 
animals feeding on the plant are similar to those of 
seleniiini poisoning (Neal, 360 ; Whyte el al,, 285 ; 
Walandouw, /. sci. Res, Indonesia, 1952, 1 , 204 ; 
llcilbron & Bunbury, 111, 175; Merck Index, 571 ; 
Manske & Holmes, 1, 209-11 ; Cliem. Abstr., 1952, 
46, 1664 ; Webb, Bull, Conn, sci, induslr. Res, AusL, 
No. 232, 1948, 88). 

The seeds yield (8.8%) a dark green fatly oil with 
the following characteristics: sp. gr."'* , 0.9165; 

, 1.4674; sap. val., 185; iod. val. (Ilanus), 110; 
free acids (as oleic), 3% ; and unsapon. matter (con- 
taining /i-sitosterol), 4.7 ‘X) ; the fatty acid composition 
of the oil is as follows: palmitic, 12.74 ; stearic, 5.01 ; 
beiienic, 3.64 ; lignoceric, 0.67 ; oleic, 23.63 ; and 
linoleic, 54.3170* Ihe seeds also contain mucilage, 
compo.sed of mannans, galactans and xylans. Sta- 
chyose is reported to be present in the seeds (Farooq 
Ik Siddiejui, }, Amcr, Oil Clicm, Soc,, 1954, 31, 8 ; 
Chem, /l/;.s7r., 1942, 36, 1140; 1945, 39, 1735). 

'1 he wood of L. glauca (wt., c*. 23 Ib./cu.ft.) is 
hard, strong, mediiim-textured and close-grained. 
As it is available only in small si/es, it has little value 
as timber, it is burned as fuel or for making charcoal 
(calorific value: wood, 3,895 cal./g. ; charcoal, 7,250 
cal./g.). The wood has been tried as a raw material 
for paper pulp ; a short-libred pulp (mean libre length, 
1.18 mm.) is obtained by the semi-chemical process 
in 70.6-8 1.8 Vo yield ; it may be employed for paper 
manufacture especially in combination with long- 
lihred pulps, e.g. bamboo pulp (Record & Hess, 286 ; 
Brown, 1941, II, 132 ; Dijkman. loc. cii. ; Biol. Abstr,, 
1957, 31, 2,382). 

The bark of the plant is used in the Philippines 
for toughening fishing tackles. Attempts have also 
been made to utilize the bark (tannin content, 
1 6.3 Vo) for tanning purposes, but the extract is dark 
in colour and produces a leather of unsatisfactory 
appearance. Hie leaves of the plant contain tannin 
(3 Vo) and t|uercirrin (o.oS'/o) (Burkill, 11, 1337 ; Record 
& Hess, 285 ; Chem, Abstr., 1948, 42, 8505 ; 1949, 43, 
8617 ; Teik, Sci. Ser. Dep, Agric., Malaya, No. 24, 
•95'. '6). 

Young shoots and immature pods are eaten as 
vegetable in some countries. Dry seeds are eaten after 
parching. Hie stem bark is taken in Assam to relieve 
internal pains. The plant is reported to be a worm 
repellent and is also a fish poison. The shiny seeds 
are used in fancy baskets, purses and ornaments 
I Burkill, 11,* 1336-37 ; Use of Leguminous l^lants, 
219; Kirt. & Basil, 11, 914; J, sci. Res. Indo- 


nesia, 1992. 1 (suppl.), 22 : Webb, loc. c ii. : bent hall, 
208 1. 

LEUCAS R. Br. (iMbiatac) 

A large genus of herbs or undershriilis distributed 
throughout the tropical regions of the Old World ; 
one species is found in tropical America and West 
Indies. About 35 species occur in India. 

L. aspera Spreng. 

D.K.R, IV, 632 ; 111, 317 : FI. Br. Ind., IV, 690: 
Mukerjee, Rcc. bat. Surv. India, 1940, 14(i), 166 ; 
Kirt. & Basil, PI. 775. 

Hindi & Bi:n(;. — Choia halkusa ; Tkl. -Tumma- 
cheltu, tummi ; 'I'am. Thunibai ; Kan. Thumbe 
gida ; Mac. — Thinnba ; Oriya — Bhutamari, 

Bombay I'amba ; Deccan — Thurditribaji ; Delhi 
— Cropha ; Ml ndari — Gonui ara. 

A herbaceous, much-branched, erect or dilluse 
annual, 30-60 cm. high, found more or less through- 
out India as a weed in cultivated fields, waste lands 
and road sides. Leaves subsessile, linear or narrowly 
oblong-lanceolate, entire or crenaie ; flowers small, 
white, in dense terminal or axillary whorls : nutlets 
small, oblong, smooth, brown. 

The plant is fragrant and used as a pot-herb. It is 
eaten in times of scarcity. It is commonly used as an 
antipyretic in villages in S. India. The juice of the 
leaves is used as an external application for psoriasis, 
chronic skin eruptions and painful swellings. In 
North Bengal, flowers are given with honey for 
coughs and colds in children. An alcoholic extract 
of leaves shows anti-hacterial activity against Micro- 
coccus pyogenes var. aureus and Escherichia coli 
(Shira/i, Indian J. Rhann., 1947, 9, 1 16 ; Kin. (S: Basu, 
III, 2020 ; George et al., J. sci. induslr. Res., 1947, 

The |)lant contains an alkaloid and a glucoside ; 
the latter on hydrolysis gives an optically active sub- 
stance which stops the isolated frog’s heart in diastole 
(Shira/i, loc. cit.). 

L. cephalotcs Spreng. 

D.F.P., IV. 633: III, 31S: Vr(i). 577; C.P., 4S3; 
FI. Br. Ind., IV. 689 : Mukerjee, Rec. hot. Sure. India, 
1940, I4(i), 168 : Kirt. & Basu, PI. 773. 

Hindi — Dhurpi sag, deldoua, goma ; Bh.sc,. Bara- 
halkusa ; Mar. Deokhumba, she lead, tumba ; 
CmV], ~ Kubo, kubi ; Tkl. — Peddatumni. 

Punjab-- 67/ ////V/, guldoda, phunian, sisal i us ; 

Di'AAii - Cubblia ; Mundaki -Gonianaki ara. 
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An erect, scabenilniis or pubescent, stout annual, 
30-100 cm. high, found as a eoninion weed in culti- 
vate<l grounds and waste lands tbrougboiit the 
greater parr of India, ascending tip to i,8(X) in. in the 
Himalayas. Leaves shortly petioled, narrowly ovate 
or ovate-lanceolate, crenate-serrate ; flowers small, 
white, in dense terminal globose whorls : nutlets 
small, smooth, brown. 

The plant is pungent to taste. It is used as pot-herb. 
The seeds yield an oil used for illumination purposes ; 
tliev are used as an auxiliary in the extraction of dye 
from Rtihia sikkivicnsis Kur/. The plant is reported 
t() |)ossess rennet-like properties. It is considered 
stimulant, diaphoretic, laxative, anthelmintic, anti- 
septic and insecticidal. A syrup of the flowers is used 
as a domestic remedy for coughs and colds (Kirt. & 
Basil, 111 , 2018 : Chopra. 1958, 512, 597). 

L. lavandulaefolia Rees syn. L. linifulia Spreng. 

D.L.P., IV, ^>33: FI. Hr. Ind., IV, 690: Mukerjee, 
RiX. hot. Sure. India, 1940, I 4 (i), 167 ; Kirt. & Basu, 
I>l. 776. 

IliNiM Gunui, lialkusa, kumhha ; Beno.— // t//- 
hasa ; Mah. Kuva ; V>v]. —Jhinanpannikuhn ; Tel.- - 
Pulaiunini ; Mai .. — Tliunha ,* Okiya — Gaisa. 

Bihar- dulphi : Mi'ndari Gtima ara. 

A herbaceous, erect, slender annual, 30-60 cm. 
high, found as a weed in lields, pastures and waste 
lands throughout the country. Leaves opposite, 
linear-lanceolate, entire or sparingly serrate : flowers 
white, in axillary and terminal whorls ; nutlets small, 
ohiong, pale brown, dull. 

'riie plant has a strong Ilavour and is reported to 
he used as a seasoning in Indonesia. Ix.\aves are eaten 
as pot-herb. The plant is eaten by cattle when fodder 
is scarce. Flowers are ofl’ered in temples. A decoction 
of leaves or crushed leaves is used as a sedative in 
nervous disorders : it is used akso as vermifuge and 
stomachic. A poultice of fresh leaves is applied to old 
sores and wounds. Crushed leaves are used externally 
for dermatosis. Roots, stems and leaves are cyano- 
genetic (Burkill, II, 1338 ; Bressers. 119 : Van Stcenis- 
Kruseman, IhdI. Org. sci. Res, Indonesia, No. 18, 
1953, 25 : Quisumbing, 821, 1046). 

L. martinicensis R. Br. 

V\. Br. Ind., IV, 6S8 ; Mukerjee, Rec. hot. Surv. 
India, 1940. 14 (i ), 169. 

Munoaki — Gunia ara, haring seii^el sui. 

A tall, stout annual herb, 0.6 1.2 m. high, found 
in Bihar, Chota Nagpur, Deccan and S. India. Leaves 
op[)o.siie, ovate, oblong or lanceolate, obtuse. 


coarsely crenate-serrate ; flowers small, white, In 
axillary globose whorls ; nutlets obovoid-oblong, dark 
brown, shining. 

1'hc plant has a mint-like odour ; the leaves are 
eaten. It possesses insecticidal properties and is burnt 
in rooms for expelling mosquitoes in West Africa. 
An infusion of the plant is given for gastro-intestinal 
troubles and colds |l)al/icl, 461: Bressers, 119: 
Irvine, Colon. PL Afihn. Prod., 1955, 5 (i), 34I. 

L. zeylanica R. Br. 

D.F.P., IV, 634 ; FI. Br. Ind., IV, 689 ; Mukerjee, 
Rec. hot. Surv. India, 1940, 14 (i), 171 ; Kirt. & Basu, 
R 774. 

A herbaceous, erect, pubescent or hispidly hairy 
annual, 15-50 cm. high, found as a weed in waste 
lands and river beds in Assam, Saurashtra, Deccan 
and S. India at altitudes of 900-2 , kk) m. lA.‘aves oppo- 
site, ovate-lanceolate or lanceolate, entire or sparing- 
ly serrate : (lowers white, in terminal whorls : 
nutlets small, obovoid-oblong, dark-brown or black, 
shining. 

The leaves of the [)lant are sometimes eaten in 
Ceylon ; they are also used as flavouring. A volatile 
oil is obtained by the steam-distillation of the whole 
plant (Macmillan, 302 ; Burkill, II, 1338 ; Dymock, 
Warden & Hooper. 111 . 124-25). 

The plant is reported to be used for fevers and skin 
diseases in Indonesia. A decoction of leaves is used 
as a lotion for ulcers of the nose |/. .sc/. Res. Indo- 
nesia, 1952, 1 (suppl), 29 ; Burkill, II, 1338-39I. 

L. clarkei Hook. f. (Munoari Meroni ^uchu ara) 
is a slender annual found as a common weed of culti- 
vation in Bihar and Chota Nagpur. 'Ibe leaves of the 
plant arc eaten as pot-herb (Bressers, 119). 

L. lanata Beiith. is an erect perennial herb found 
in western Himalayas from Kashmir to Kumaon, at 
altitudes of 9tx>-2,4()0 m. ; it is also found in upper 
Gangetic plain, Nepal, Chota Nagpur, Darjeeling 
(North Bengal), Assam, Deccan, Konkan, and S. 
India. Tender shoots of the plant are u.sed as vege- 
table. They are also given for cough after frying 
(FI. Assam, III, 526). 

L. mollissima Wall, is a slender herb found in sub- 
tropical Himalayas, upper Gangetic plain, Bihar, 
Chota Nagpur, Orissa, West Bengal, Aka aiul Khasi 
hills, Madhya Pradesh, Deccan, Konkan and Kanara. 
The leaves are eaten as pot-herb by the Santals. 

L. stcllit^era Wall. syn. L. eriostoma var. Zo/igz/o/iV/ 
Hook. f. (Mar. -Bartnnbi ; Gv}.- Dw^araukubo) 
is an erect herb found in Sauraslitra, Deccan. 
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Koiikaii, western ghats, hills of S. Kanara and 
Mysore up to ycK) in. 'I'he plant is considered stimu- 
lant, carminative and emmenagoguc (Kirt. & Basil, 
III, 2023). 

L. urticacjolia R. Br. (Guj. — Kobo; Pertm- 

tliutuhai; Dkliii — Coma, ^tnnma) is an erect lierha- 
ceous annual found from Bihar westwards to Baluchi- 
stan, Madhya Pradesh, Rajasthan, Saurashtra, Guja- 
rat, Deccan and S. India. The plant is used as fodder 
for camels and goats (Btirkill, i9(Kj, 61). 

LEUCOJUM Linn. (Anuiryllulaccuc) 

Bailey, 1947, II, 1S48. 

A small genus of ornamental hulhous jilants disiri- 
huted in Europe and the Mediterranean region. One 
species is grown in Indian gartlens. 

L. acstivum Linn, is a native of central and south- 
ern Kiirope, grown in C'oonoor and Oolacamund 
where it flowers freely. It is a hardy plant up to 30 cm. 
in lieight ; hiilhs large, ovoid, 2.5 3.7 cm. in diain. : 
leaves linear, strap-shaped, yellowish green ; llowers 
while lipped with green. The plant thrives in o|)en, 
rich, moist soils and is propagated hy hulhs (Firmin- 
ger, 32S : Chillenden, III, 1 156). 

'I'he hulhs are edihle afler cooking. They coniain 
a sinisirin-Iike carbohydrate and two alkaloids, letico- 
jin and leucojilin (?). and are considereil emetii’ 
(Wehmer, 1, 165). 

Levant Berries - sev Anamirta 

LEYCESTERIA Wall. (Oiluifnlwcnir) 

I'l. Br. Ind., Ill, 16. 

A small genus of shruhs (list rihuted from Hima- 
layas to China. Five species occur in India. 

L. foruinsa Wall. (Jai nsak - Bhujnali ; Ki'maon - 
Mfilkarr, duni, snuiijla ; (iAUiiWAi. Dafida bhcktir ; 
Lkpciia Tini^tik) is a deciduous shrub, i 2 in. in 
height, found almost throughout the temperate 
Himalayas at altitudes of i,5(X)-3,o(K) in. and in Khasi 
hills from i, 5(K) to 1,800 m. Stem hollow with smooth 
hark : leaves ovate-lanceolate : llowers purplish : 
berry stih-glohose, red. 'I’he hollow .stems of the .shrub 
are made into whistles and ilutes in Jaunsar (Gamble, 
39 *^)- 

Tj'ycrstrrid spp., especially L. formosa Wall., are 
grown for ornament in some parts of Kurojie and 
America. They are conspicuous in bloom on account 
of their handsome purplish bracts. Propagation is hy 
seed or hy cuttings (Bailey, 1947, 11 , 1852). 

Lice — sec Insects and Insect Pests 
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D.F.P., IV, 635 ; Smith, A. L., 1921, 464 pp. 

Sans. — Sailajd, sailcya ; Hindi — CJidrila, lyalliar-ka- 
[ylinl ; Tkl. — Railiifyoovvn ; Ta.m. — Muraplhisi. 

Punjab Clialclidlira, chdrchdrild, dusfudiy hiun- 
sciv : Bombay -Mutd ddgddd phid, bdrik ddgdda 
pJiul. 

Lichens constitute a cla.ss of small perennial plants, 
which are uni(|ue in that they are actually combina- 
tions of two organisms- a fungus and an alga- -grow- 
ing together in symbiotic association. The fungal 
element lives upon the food elaborated hy the 
algae, while the algal element gets its moisture and 
mineral nutrients from the fungus ; the fungus akso 
protects the alga against desiccation and injury. 

Lichens are widely distributed from the arctic to 
the tropics and are found on soil, barren rocks and 
tree trunks. They are not usually found in the 
neighbourhood of large cities as they are .sensitive to 
smoke and various ga.ses. 

The vegetative body of the lichen, called thallus, 
is composed of fungal mycelia which form a network 
enclosing algal cells or gonidia. 'J'he fungal compo- 
nent is the dominant participant and is usually a 
member of the Ascodiyccirs : less fre<iuently and 
particularly in the tropical species, the fungal com- 
ponent is a BdsidioiHXccies. The algal component may 
lielong to iM\.\op/t\ccdr (hlue-green algae) or C.hUno- 
pUyccdc (bright-green or yellow-green algae). The 
thalli in .some lichen .species are thin Hat incrusta- 
tions growing on the suhstratum : lichens of this ty|)e 
are called crusiose. In foliose lii hens, the thallus is 
flat, leathery, leaf-like and more or le.ss deeply in- 
t i.sed, growing in ro.selles or irregularly spreading over 
the suhstratum. Fruticosc lichens have erect or bang- 
ing, simple or branched, sira|vsbaped fronds which 
may be cylindrical or broadened to thin bands. The 
thallus may be very minute or large and the colour 
may be white, green, yellow, red, dark brown or black. 
The thallus surface may he smooth or rough due to 
the pre.sence of vegetative outgrowths. 

The greater part of the lichen thallus is composed 
of fungus hypbae woven together into a c()m])aci 
false tissue. In advanced forms, the thallus is differen- 
tiated into the upper cortex of compacted hvphae fol- 
lowed by the gonidial layer with algal cells, the 
medulla or loose hyphal tissue, and the lower cortex, 
which may be often absent. 

Lichens reproduce by means of spores or hy sored ia. 
The ascosporcs or basidiospores of the fungal element 
are disseminated by wind and germinate in the 
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presence of moisiiire into hyphac ; each hypha, in its 
chance encounter vvirli the reejuisite alga, forms a 
new lichen. Soredia are minute bits of lichen, com- 
posed of one or more algal cells together with a small 
mass of fungal liyphae, which often get detached 
from the iJiallus as a powdery mass and dispersed by 
wind or water or hy insects wliich feed on lichens ; 
when deposited on suitable substrata, they develop 
into lichen thalli. lichens have been produced 
artificially hy growing the component organisms 
separately in pure cultures and bringing them 
together. 

i'he classification of lichens is based chiefly on the 
characters of the fungal element. Two sub-classes are 
recognized : AscoHclicncs, in which the fungus is an 
AscoDiycrtc and liasidiolichnws (Hymenoliclicncs) 
in which the fungus is a Rasidioviycctc. i1ic Ascoli- 
chciies are by far the more important and are sub- 
divided into two scries: m nocar pc ac with apo- 

thec'ia and Ryrcnocarpcac witli perilhecia. They are 
further sub-divided into various sub-series and fami- 
lies. I'he Basulioliclicncs are few in ntmiber and arc 
re[) resented by three closely related genera, Cora, 
CorcJla and Diclyonema. They are endemic in tropi- 
cal and warm countries and arc not particularly im- 
|)ortant from tlie economic point of view. 

Series Gyninocarprac includes most of the licliens 
of economic value and the families which are impor- 
tant are CUnloniaccac, Gyrophoraccac, Lccanoraccac, 
Paruicliaccac, Belli ire racvac, Roccellaceae and Ustiea- 
crae. In India, the genus Barmclia and members of 
the family Usneaccae arc widely distributed. Scries 
By renocar peae is of little economic value. A species, 
Dennatocarpon nioulinsii (family Dcrmatocarpaccae), 
reported to occur in India finds some minor uses. 

I ses Lichens have been used from the earliest 
times as animal feeds and also as food for human 
consumption in times of scarcity ; a few arc con- 
sumed as delicacies. Cctrana islandica (Iceland 
Moss), hvernia prunastri (Linn.) Ach. and Lecanora 
CSC n fen I a Lvers. (Biblical manna) are instances of 
lichen foods. Species of ihnbilicaria and Gyrophora, 
called Iripe dc roche, have been consumed by arctic 
explorers. Gyrophora csculcnla Miyosh. is prized as 
a food adjunct in China and Japan. Some species of 
Bfinnelia, BcUigcra, Ramalina and Ihnea are report- 
ed to possess food value. Several lichens are used as 
fodder for reindeer, cattle, swine and goats, while all 
but gelatinous lichens are eaten by invertebrates, like 
caterpillars, snails and mites. I.ichcns, with few 
exceptions, arc non-poisonous (Llano, Bol. Rev., 1944, 


10, I ; Eton. Bol., 1948, 2, 15 ; Lai & Rao, ]. sci. 
indusir. Res., 1956, 15C, 71). 

Lichens were once employed for dyeing wool and 
silk, and colouring materials derived from them were 
highly valued before tbe advent of aniline dyes. 
Certain species of Roccella and l^iCcanora yield purple 
dyes, known in commerce as Orchil or Archil, Cud- 
bear and Litmus, [lichen dyes arc still employed in 
tbe production of high (]uality Harris Tweed cloth. 
Important dye yielding lichens arc discussed in 
detail below. Table \ includes names of minor dye- 
yielding lichens recorded from India (Idano, Bot. 
Rev., 1944, 10, I ; Hill, 134 ; Edlin, 135 ; lA'ggctt, 
J.N.Y. hot. Gdn, 1949, 50, 107). 

Certain lichens containing volatile oil were once 
used in perfumery and cosmetic industries. Evernia 
prunastri, growing on the stems of oak trees and 
known as ()ak Moss or Mousse de Chene, is highly * 
esteemed hy perfumers in Europe for scenting soaps 
and in compounding many popular scents. The 
chief odorous i)rinciples of oak moss are and 
/i-thujone, along with some camphor, horneol and 
cineoi (Llano, Bot. Rev., 1944, 10 , i ; Cuenther, 
Vr, 179, 187-91). 

Lichens were formerly used as sources of fermen- 
table sugars for the ])roduction of ethyl alcohol. 
Cetraria islandica and Cladnnia ra/iiriferina yield np 
to 60% polysaccharides readily hydrolysed to glucose. 
Some sj)ecies f)f Bannclia, Evernia and Ramalina 
yield gums which found application in calico j)rint- 
ing and in the production of parchment and card- 
board. Many cruslaceous lichens contain oxalic aci<l ; 
Bertusaria sp. is reported to be used in France in the 
manufacture of oxalic acid (Llano, Bot. Rev., 1944, 
10, I ; Kcon. Bot., 1956, 10, 367 ; Edlin, 135). 

Several lichens possess me<licinal properties. Cctra- 
ria islandica is considered useful in chest complaints. 
Some lichens belonging to Cladoniaccae, Barmcluh 
ceae and Usneaccae elaborate substances wdiich arc 
active against Gram-positive bacteria. The active 
compounds arc diben/oiurans of which usnic acid is 
the most important. Certain lactonic fatty acids and 
depsidones related to orcinol also show anti-bacterial 
activity. Usnic acid is active against Streptococcus 
hacmolyticus and Bneiimococcus spp. and inhibits 
the growth of tubercle bacillus. Barbatic acid and 
dibasic roccellic acid, in the form of its half esters or 
half amides, possess anti-tubercular activity. Aira- 
norin is a fish poison (Asahina Shibata, 216-23 ; 
Bnstinza, Eton. Bot., 1952, 6, 402 ; Neelakantan & 
Seshadri, /. sci. industr. Res., 1952, HA, 338 ; Pereira 
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et al., Indian J. Pharm., 1953. 15, 287 : Barry, Nature, 
Land,, 1946, 158, 863). 

Adverse effects — Lichens have heen reported to 
cause damage to stained window glasses, marble, ala- 
baster and Florentine mosaics, and deface sculptured 
[)ancls. The presence of a high percentage of leca- 
noric acid in some Parnulia spp. accounts for the 
disintegration of rocks and monuments. Some lichens 
have harmful effects on trees and telegraph posts. 
Lichens sometimes harbour insects harmful to crop 
plants (//or/. /l/;.s/r., 1957, 27, 621 ; Llano, Pot. Rev., 
1944, 10, I : Seshatiri & Suhramanian, Proc. Indian 
Acad. Sci., 1949, 30A, 15 : J. sci. industr. Res., 1949, 
8B, 170: Ncclakantan & Seshadri, ibid., 1952, HA, 
33«)- 

Chemical composition Lichen substances are high- 
ly complex and their constitutional pattern is dis- 
tinctive from that of the constituents of higher 
])lanls. Tachenin and i.volichenin are complex carho- 
liydrates common to the lichen world ; they consist 
entirely of glucose residues and are intermediate in 
character between cellulose and starch. Lichenin 
|(a)''‘‘ , -f 8.3I is insoluble in cold water but soluble in 
hot water : on cooling a jel is formed, /.solichenin is 
soluble in cold water. 'Lhe protein content of Indian 
lichens varies from 4-2oVn : the hydrolysates of some 
lichens reveal the same amino acid pattern as that of 
casein hydrolysate. Some lichens contain appreciable 
(jiiantities of riboflavin, hut as a rule, they are poor 
s()urces of ascorbic acid. A few contain ^-carotene 
(Asahina & Shihata, 3 ; Mittal &r Seshadri, /. sci. 
induslr. Res.. 1954, 13A, 174: 1934. 13B, 244; Lai & 
Rao, ibid., 1956, 15C, 71). 

'Fhe tinctorial properties of lichens arc^diic to the 
presence of lichen acids, some of which (mostly dep- 
sides related to orcinol) afford the chromogens from 
which the colouring matter is derived. Under the 
combined influence of ammonia and atmospheric 
oxygen, lecanoric acid and erythrin, present in Roc- 
cellaceac, give first orcin and suhse(|uently orcein 
which is the colouring matter of orchil : if sodium or 
potassium carbonate is present at the same lime, the 
reaction proceeds further and a/olitmin along with 
erythrolitmin (colouring matters of litmus) are pro- 
duced. Lichen acids are of value in differentiating 
species and in relating larger groups. The occurrence 
of ‘chemical strains*, i.e. strains which are morpho- 
logically indistinguishable hut containing different 
chemical components, seems to he fairly common 
among lichens (Llano, Bot. Rev., 1944, 10, i ; Econ. 
Bol., 1936, 10, 367 ; 'Hiorpe, Vlf, 372 ; Perkin & 


Everest. ^96-61 : Seshadri. Indian J. Pharm., 19^^, 
15, 286). ' ‘ 

There are over So lichen substances of known 
structure, some of which contain hitherto unidenti- 
fied nuclei. On the basis of chemical structure, they 
are classified into ten groups, viz. (/) monobasic lacto- 
nic, dibasic, and trihasic acids, {it) polyhydric (tetra- 
to hepta-) alcohols, [Hi) triterpenoids (zeorin scries), 

[iv) pulvic acid derivatives, intimately related to 
phenyl henzo([uinone pigments of higher plants, 

(v) depsides consisting of two or three orcinol or //- 
orcinol carboxylic acids in ester linkage, (vi) depsi- 
dones (orcinol or /8-orcinol type) having a character- 
istic 7-mcml)cred ring with a depside linkage and an 
oxygen bridge binding two aromatic rings, (vii) (pii- 
none pigments including anihraquinone derivatives, 
(viii) xanthone derivatives (lichexanthone), (/a) dihen- 
zofuran derivatives, and (v) diketopiperazine deriva- 
tives : the lirst ihree groups belong to the alipha- 
tic series and the rest to the aromatic series. 
'I’here are manv lichen compounds whose chemical 
nature is unknown (Asahina wShihata, 9 : 'I’liorpe. 

vir, 285). 

The number of lichen species recorded throughout 
the world is estimated at i5.fKX)- 16,000. grouped 
under 60 families and 4 (k) genera. Very little is known 
about the lichen flora of India ; some 700 species are 
reported to occur, hut species of economic import- 
ance are not abundant. Considerable work on the 
chemistry and utilization ot lichens has recently been 
carried out in India and active schools of research 
have now come into being. Important Indian lichens 
are iliscussed in detail below. Table i lists minor 
Indian lichens, their distribution, chemital composi- 
tion and uses. 

Cetraria islandica (Linn.) Ach. (family Parmc- 
liaccae ; Ickland Moss) is an erect or ascending, 
strap-shaped, somewhat rigid friiticose lichen widely 
distributed in nortliern arctic and alpine regions : it 
is scarce in alpine Himalayas; it is pale chestnut 
brown or dark brown in colour (Information from 
1). I). Awasthi, Lucknow University). 

Iceland moss is used as human food in Scandina- 
vian countries and Iceland in mixture with cereals 
and mashed potatoes. The comparative values of 
potato, iceland moss and reindeer moss, based on 
their carbohydrate contents, is reported to he 1:3.4 
:2.5. For consumption, the lichen is soaked with 
dilute .sodium carbonate solution to remove bitter 
principles (liclien acid.s) and tlten dried and reduced 
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TABLh 1-MINOR INDIAN LICHENS : THEIR DISTRIBUTION. CHEMICAL COMPONENTS AND USES 


SjKTifS 

Distribution 

CTiemieal ef>mponents 

Uses 

AJccloria iuhala (T/inn.) Acli, 

A. I'irnis T'ayl.* 

Himalayas 

Himalayas 

Vbilpinie acid, virensic acid 
r/arabirol 

As food ; source of carbohydrate 
in brewing & distilling ; pale 
green A: brown dye 

Anu/^tyi hid nlimis (Linn.) Korb. 

(/*// 

(bilmar^ (Ka.sbmir) 

Atranorin, arabitol Ik mannitol 

As scent & for cleansing dt 
whitening hair 

.1. i ilifiris \;ir. ttni^usfdtu '/alilbr.* 

N. W. Himalayas 


Preparation of hair powder 

/I. Iiyluilcinu Mass.'*” 

Himalayas 

Atranorin (0.2 ‘V,) /eorin 

(0.04“.,) 


.1. Irmnnicldcna \ar. an^ustifalia 
MiulL-Arj;.'.'' 

Nepal, Sikkim ^ 
Kodaikanal 
(S. India) 

Atranorin (2.4, 4.0“',) /eorin 

(LO, L.l“;.) 


.1. .\/)rr/osY/ (VV^iir.) Mass.'.'' 

Sikkim, Darjeeling 
^ Kbasi bills 

Atranorin (.L.Vj,',) ik zeorin 
(0.7.S“;.) 


(’filolflaat t‘lt\i:inns (I .inks.) Tb. Fr. 

{( (U YY/r ')’■• ' " 

Nepal Kashmir 

Pby.scion (0.7‘V,) 


ninronim (HolTin.) Tb. Fr.".“ 

Himalavas 


Yellow dve 

Camlrhiria concolor Stein 
(I^firnirlidCt'dvY^ 

Kasbmir 

Piilvinie dilactonc 


CdtulcldticUd vilt'ltiun (Kbrb.) 

Miiell. Arj;. [1 .eaniurdccdv)'^ 

Himalayas 

(lalyi'in (o-liydroxypulvic an 
bvdriile) ^ piilvie anhydride 

Yellow <lye 

Cdfdrid umhi^ud Hah. 

[lUnmcUavvdvY 

Alpine Himnlaya.s 

Hsnic acid an acifi relaterl to 

protolicbestcrinic acid 


i\ fdhlnncnsh (Linn.) Stbaer.".'-'.’ 

Himalayas 

(Ictraric acid 

Ked lirown dye 

fdddstri (Stoj).) Kobl. 

N.W. Himalayas 

Pinasiric acid, iisnic acid & \\\\ 
pini(' acid 

(Ireen dye ; for poisoning woKes 
in northern Kuro|)e 

Ihninsnnii (Stirt.) /ablbr.'.-' 

Nepal Fast India 

Atranorin ik alcctoronic aciti 


ChuUmid dJlH’stris (lann.) Uabb. 
{('Itul(tnidct'dry 

Nepal 

Arabitol, mannitol ik rriedelin 

Fodder for reindeer ; production 
of glucose (yield, 74“.,) : .hot 
ac|. sobi. used in Finland for 
tubcr( (ilosis 

('. limhridtd (Linn.) Wilbl.".* 

Himalayas 


Red -purple dye 

('. pwiddid (Linn.) 

Himalayas 

Licbenin 

Mucilaginous ; asb greeti dye ; 
expectorant, used for whooping 
cough 

('■ '^ylratica (Linn.) 1 lolfrn.'." 

Nepal 


Same as those of Clndonia 
nlprslris: e.ssential oil may be 
used in perfumery 

l^rrmdlovdrfHdi tuaiiUnsU (Mont.) 

'/abibr. Oh'ruuitoidrfHU'cacy^''^^ 

Himalayas 


Tbalbis used as cork substitute 
for lining insect rolled ion 
boxes 

Diltlusi histt's sinifiosus Norm. 
{Difihsrhistm rae)".'*.^ 

1 limalayas 

Diploscbis cid 

Hrown dye ; for calico printing 

Cyrofyhorn cyUmlrirri (Linn.) Aib. 

(( •yro^ihnraci-ac ) ' 

Darjeeling 


(Jrecti-brow'n dye 

(•. IvcatUH'drpoidvs Tb.Fr.* 

1 limalayas 


Red-brown dye 

C. pdpiUnsn Nyl.‘ 

Himalayas 


Red-brown dye 

Lccdditra calcarcd (Linn.) Nvl. 
{Lcvddordceacy^^^ 

Kmnaon 


Red -brown tlyc 

LeciV/tv/ lucitla Acb. svn. 

Bid lorn lucida (Acb.) Fr. 

{I A'vitlcacvnvy^ 

C'.baubattia & 
Uanikbet 
(Kiimaon hills) 

Leprapinic acid (2-melhoxy vuL 
pinic acid) & calycin 
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TAHi.i-: I Could. 


Species 

Distribution 

(’bemical eom|)onents 

Uses 

Lepraria caudcUiris (l/inn.) Fr. 
[luijicrfcct Lirheuy^ 

Ooiacannind 

Pinastric acid 


L. cldnriufi (DC.) 

Dbarain.sala 
( I’ll n jab) 

Leprapinie acid ik its methyl 
ether, c alvt in. arabitol A' man 
nitol 

Browit dve 

/.. i itriua Schaer.®" 

Simla 

Leprapinie acid 


L. lima (Sclirel).) Acli.“''.“' 

Kodaikanal 

Pinastric- acid, usnic- acid, vnl- 
piriic acid iV caivcin 


l.oharia isidittsu Vain. 

(Sliclacfary*'^''^ 

"remperate 

1 lima lavas 

'rbelepborie acid 


1.. fuilnioudriii (l.inn.) 

Himalayas \ 

Assam 

Arabitol, mannitol ^ nor-stictic- 
acid 

Or.tnpc A: brown dve; in per- 
fumery ; t.tnninp material ; for 
c leartsinp hair cV for ec/cma 

L. s< robiculdla (Scop.) Acb.' ’-® 

Simla 


Browtr dye 

(h'lindrrhid Ihirclld (IJnn.) Mass. 
(IjCfttiordCtdcY'’'^ 

Scarce in India 


Violet dve 

Pdnuclia ariioldii I)K. 

Mi tna lavas tk 
Kodaikanal 

Atranorin, lecanmic ac id iV sala- 
/inic acid 


1*. vdperdid (Linn.) AcIi."-''-^“ 

Snb tropical & leni 
perate Himalayas 

Arabitol iV mannitol 

Brow n-oranpe to leniort-vellow 
dye 

/'. conyfursd (Llirli.) Ac•l 1 .‘.'^-^' 

Kasinnir 

1 larjeelinj;; 

Sala/inic’ or conspersaic acid, 
arabitol ^ mannitol 

Kecl-hrowtt dve; tor sypbillis in 
S. Alric.'i 

P. cou^futndld (Siliaer.) N'ain. 
syn. P. suhdr^t ulift’rd Nyl/ 

Kasbmir 

Lecanorie acid 


1*. coruiculdus NnI.’ 

Mussnnrie 

Atranorin, lecanoric' .acid sala- 

/inic’ acid 


P. fHf/urdi'i'd (Linn.) Acli. svn. 
h'.rt'Hiid furfnrdi'of Mann".'’*- 

\.\V. Himalavas, 
Sikkim 

Darjeeliiij; 

Arabitol A mannitol 

Kcal brown dye'; olcairesin used 
in perittttter\ 

I\ liinidld\t‘uds NvI.'-’ 

I limalavas 

I'snic- acid ^ Iccanccric acid 


I*, /iv/nn ysn/cn Vain.“" 

Solan (Simla bills) 

Atr.anoran (1. <)’.,) iS: lecanoric 
acid (.H)".,) 


P. nidinhurii d Asaliiiia^** 

Simla 

Atranorin (11.4;,) & lecanorie 

acid (4.1) ;,) 


/*. nirizosjuird Nvl-‘ 

Debra Ibin 

Leeanoric* ac id iV sala/irric acid 


/^ uiii^hfrK’usi.s NvI.’'’-''" 

1 limalavas 

Atranorin coll.atolic acid 


I*, uiniduddiidud /alilbi. • " 

Sikkim iV Nepal 

.\tr:morin (0.7'V,), Ic’c.anoric 
.acid (l.l'V,), pyrophoric 
acid (I.O’V,) A' s.il.t/inic 
•acid (t>.4 ',,) 


P. olhmvd (iann.) 

1 limalavas 


Bta)ut) che : calico printirrp 

P. ftrrfordld Acii.'.'"* 

Assam & Sikkim 

Zeorin, atr.anorin ^ lecancuic 
acid 

Diiu'etic' 

P. lurldld (ITutls.) Ach.'.".*''." 

'IVinperare Himala- 
yas A: West Ben- 
Ral 

Lcc.inoric acid atr.anorin 

Astringent, resolvent t’V: diuretic : 
extern.al application for pain in 
reir.al A: lumbar repions 

P. Idiysndcs (Linn.) Acb.^^‘■■'.=*. 

P. fiscndnhylnnysdlea Asabina^ 

N. W. Ilim.ilav.is 

Debra Dun & Nepal 

Atranorin. capiairic acid, pbyso- 
dic acid, .arabitid mannitol 

in traces 

Atranorin & pyrophoric acid 

Brown dye : mucilage used as 
sid)stitute for pum arabic in 
dyeinp & in parchment A’ 
cardbo.ird 

P. ifuerciua (WilUl.) Vain.''*' ■“ 

Marudamalai bills 
(S. India) 

Lecanoric acid, atranorin i\' 
licbexantbone (0.5".',) 

M.av be u.secl as food* 
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TABt.F. I Conttl. 


Species 

Di.stribution 

CUietnical componenfs 

Uses 

P. sfixfttilis (Liini.) Arh.*.* 

P. somlicii Nvl.”* 

N. W. Ilinialayas 

Simla 

Atranorin (2.7%) & lecanoric 
acid (.L.V;;,) 

Orange, yellow A red -brown 
dye : in calico printing 

P. stcnof)h\lla (Acb.) HR/ 

Kashmir 

//-Hsnic acid 9<. mannitol 


P. suitliirvii^titn Nyl.*” 

Simla 

Atranorin & lecanoric 

acid (0.01%) 


P. sulcata rayl/ 

Dehra Dun 

Atranorin, lecanoric acid & sala- 
zinir acid 


Physcia puhcruleuta (Srlircb.) 

I lainjie. {PhysciaccacY ‘ 

Himalayas 


Yellow dv( 

P. setosa (Ach.) 

flinialayas 

Koclaikanal 

Atranorin voleniitol 


Ramalina calicaris (T.inn.) Rohl. 

West Bengal, Nepal, 
Chauhattia A' 

Naini Tal 

d-Hsnie acid, sekikaic acid, 
d-arahitol & lichcnin 

Yellow-red dye ; in perfumery 

R. farinaeva (la’tin.) 

TYimalayas 

IFsiiic acid, sekikaic acid, wor- 
st ictic acid 6i mannitol 

I.ight brown dye ; in perfumes 
A cosmetics 

R. fraxiuca (Linn.) Ach.’.*." 

N. W. Tlitnalayas 


fJrey-whifc dye ; in perfumes A’ 
cosmeties ; mucilage used as 
substitute for gum arabie. 

R. tayluruma Zahlbr.’* 

Simhaclialam hills 
(Waltair) 

d Arahitol (0.1%), d-usnic acid 
{0..ir»%), .sekikaic acid (0.9%) 
&' lichenin 

(Growing parts of sandal trees 
.severely damaged by this 
lichen 

Roccella thw/ana T-afii. IX^. 
(RorrcUaceacY 

Madras 

Lecanoric acid, rorcellic acid & 
ery thrill 

Preparation of orchil A cudbear 

Solorina crocea (TJnn.) Ach. 
(i*c!ti^craccacy^>^^<* 

N. W. Himalavas 

Solorinic acid 

Yellow dye 

Stcrrncatdon paschale (J.inn.) 
f fnffm . (( 'laduniaceae) " L* 

irimalayas 

Friedelin 

Ash -green dye 

Sticta crocala (Linn.) Ach. 

{StictaccacY' 

Himalayas 


Source of gamboge ; brown dye 

Tchtst histes flaricans (Swart/.) Norm. 

( 7 V/o.st7/ / s tr/nw) ^ 

Simhaclialam hills 
& Nilgiris 

Physcion (2-methyl-4 : 5 di- 

hydroxy-7-meihoxy-anthra(jui- 
nonc), tclo.schistin ( — fallacinol, 
•.i-hydroxypliyscion), fallacinal 
^ vicanicin 

Source of gamboge ; yellow dye 

Ihuhilharia pustulala var. 
papulosa Tuck. {CyrophoraccacY*'* 

N. W. Himalayas 

Oyrophoric a<id 

Red-brown dye 

I 'snca aspera Vain. 

(/ 'sncai car)* 

Devicnlam hills 
(Kerala) 

d IJsiiic acid & p.soromic acid 


(\ flex ills Stiri.L" 

Nepal Ik Nilgiri 
hills 

Usnic ;icid & salazinic acid 


r. poritla 

Himalayas 

I'snic .acid, sala/inic acid & Stic- 
tic acid 

(ireen yellow, red brown dye 

U. hirta Hoffm.'/" 

N. W. Ifimalayas 

l^snic acid (1.1%) A' .salazinic 
.'K'id (1.2%) 


japnaiva Vain.'"" 

( j)org 

ITsnic acid, stictic acid & barba- 
tolic acid 


V. oricutalis 

Himalayas ^ 
Korlaikanal 

Kodaikanal species contains d- 
iisnic acid, barbatie acid, stic- 
tic acid A caperatic acid ; 
Himalayan species contains d- 
usnic .acid A sala/inic acid 

.May be used as food* 
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l Am.!'. I - 


Species 

Distril}iiii()i) 

(4u'mic:il comjioiienls 

I’ses 

U. .sihkimensis lUsw;is“‘ 

Darjeeling IS 
.Sikkim 


Powder ii.sed for lung iroubles, 
haemorrhages Ik asthma ; also 
for sireiiglliening hair 

U. stirtoniana Zablbr.'-”."* 

Himalayas 

d i'stm acid iS: sii( ii<’ .u i<I 

May be used as food* 

U. thomsonii Slirl.'-" 

1 liiiialayas 

Usnic ;icid s;il;i/inic acid 


V. venosa 

Nilgiri bills 

Uarolene (4 mg./ 10(1 g.). d-iisiiic. 
acid (0.6",,), barbaric acid 
(I.I",,), .sala/inie acid (l.7';{,) Ik 
crgoMcrnl (0.2 "„) 


Xanthmia l)arictina (l.inn.) Tb. Kr. 

Ka.shinir 

IMiyst icin (1.2‘;,,), mannilul, 

Yellow’ dye 

( Telost h islacene) 


lichenin, /soiichenin ^ paric- 
linic arid 



* Biswas, J. R. Asial. Soc. ScL, 1947, 13, 75 : M.laii(». lint. Rrz., 1944, 10, 1 ; ^ I.lano, {Kcnn. lint.. I94K, 2, 15 ; ‘ Dhar t t al., J. 

sci. induslr. Res., 1959, I8B, III ; *' Asaliina in Kihara, I, 45, 47, 55 fiO, 62-65; *' riirnriualion fn)ni Piol. T. K. Scsliatlri, Delhi Uni 
versity ; Maiulbcrj^ <•/ al., Acta chriii. scand., 1955, 7, 591 ; ' Uphof, 24, 96, 266; Neelakantan ct al., Indian /. Pharnt.. 1954, 16, 
175; Neelakantan ^ Seshadri, J. sci. induslr. Res.. 1952, I IB, 126; " Inlbnnation from D. 1). Awasihi, laic know' University; 

** Perkin Kverest, 551 52, 556, 559 41 ; '‘’Cruver & Seshadri, /. sci. induslr. Res., 1959, 18B, 258; “ dcs Ahhaves, Candollea, 1957-58, 

16, 2(M ; Llano, Rcon. Hot., 1956, 10, 567 ; Buslinza, ibid., 1952, 6, 402 ; Bniiin, Acta chrm. scand., 1954, 8, 71 ; Chopra. G. L., 

50, 46, 58, 60, 65 -65; Wren, 117; “"Mittal A' Seshadri, J. clieni. Soc., 1955, 5055; C.hem. .\hstr., 1954, 48, 9969; “’Seshadri, 

Indian J. Pharm., 1955, 15, 286; “‘Biswas, 98; “‘Seshadri ^ Subramanian, Prnc. Indian Acad. Sci., 1949, 30A, 15. 62, 67 ; “’Awasihi, 
Prnc. Indian Sci. Co}i}^r., 1955, pt 111, 72; Awasihi, Curr. Sci., 1957, 26, 125; “‘‘Shali.y. Indian chrtn. Soc., 1954. 31, 255; Walt 
& Brever Brandwijk, 215; “* Aghoraniiirlhv et al., J. .sci. induslr. Res., 1954, I3B, 526; ““ Kanj;aswanii A' Rao, Indian J. Pharm., 
1955. 17, .50, 70; "" Kangaswanii & Rao, j. 'sei. induslr. Res., 1954. |3B, 405 ; ” K.anny La'I Dey, 229; -^H'lieni. Ahslr., 1955, 47, 
6001 ; A>;horamnrlhy & Seshadri, /. sci. induslr. Res., 1955, I2B, 75, 550; •‘'‘Lai & Kao, ibid., 1956, I5C, 71 ; "’'Awasihi, J. 

Indian hot. Soc., 1960, 39, 1 ; Millal ct al., J. sci. induslr. R s., 1952, IIB, 586; '‘Mbinj^aswanii &. Kao, Indian j. Pharm,, 1954, I6, 

197; "" Kajaj;;opa1an & Seshadri, Prnc. Indian Acad. Sci., 1959, 49A, 1; '"Seshadri et al.. Tetrahedron Lett., No. 9, I9.S9. 1; 

Kan^asvvaini & Kao, Indian j. Pharm., 1954, 16| 131 ; " Neelakantan, Ph.I). Thesis, Delhi University, 1955; Murty it 

Subramanian, /. sci. industr. Res., 1959, 18B, 394; '^^Chetn. Ahstr., 1958, 52, 14576. 

* Analvses of Parinelia tfuercina, I'snea oricntalis and U. stirtoniana ^axe respeeiixely the followinj» values: crude protein, 
12.8, 5.1, 4.6; ether exir., 4.5, 1.6, 2.0; lichenin tLsoliehenin), 25.0, 50.0, 56.0; crude fibre, iO.7, 6.1, 5.7; and ash, 2.4, 8.9, 2.9",',: 
ealeiinn, 1,2.50, 902, 775; phosphorus. 195, 110, 90; iron, 272, 514, 50; ascorbic acid, 2.7, 9.4, 4.5; and liboflavin, 0.55, 0.08, 0.16 
nig./ 100 g. (Lai K.'io, J. sci. industr. Res,, 1956, 15C, 71). 


to powder. It is consuincd in ihc form of bread, 
[xirridge or gruel. Iceland moss is al.so used as feed 
for cattle, pigs and ponies. It contains: lichenin (40';.)) 
and Lsolichcnin (lo*;..) : among the minor constituents 
present memion may he made of arahiiol, mannitol, 
trehalose, sucrose, umlnlicin. fumarprorocetraric 
acid, protolichesterinic acid, usnic acid and a triter- 
penoid, friedelin (Llano, Bol. Rev., 1944, 10 , i ; Eani. 
Bol., 1948, 2 , 15 ; Wallis. 291 ; Hustin/.a, Ecoti. Bot., 
1952, 6, 402 ; Lindherg rt ai, Ada chem. scand., 1953, 
7 , 591 ; Briiim, ibid., 1954, 8, 71). 

Iceland moss is almost odourless and has a hitter, 
mucilaginous taste. It possesses demulcent and laxa- 
tive properties and is given in decoction as a bitter 
tonic and nutrient in chronic catarrh, chronic bron- 
chitis and consumption. It is used as a substitute lot- 
salve bases in the preparation of emulsions and in 
the reduction of hitter taste in certain th ugs ; it is 
also used as a culture medium in the laboratory 
(Wallis, 290; I'rcase, 114; Wren, 1S3 ; Llano, Bol. 
Rev., 1944, 10 , I ; Econ. Bol., 1948, 2 , 15). 

Iceland moss may be used as a source of glucose 


and also for the production tif alcohol. It is used for 
tanning and dyeing (Llano, Bol. Rev., 1944, 10 , i ; 
Econ. Bol.y 1948, 2 , 15 ; 195^, 10 , 367). 

Cladonia rani^ifcrina (Linn.) Web. (family Clado- 
niaceac ; Rki.ndeek Mo.ss) is a frutico.se lichen with 
primary thallus of greyish granules which soon dis- 
appear. Podetia prominent, cylindrical, erect, suh- 
corymbose, greyish green or whitish. It is recorded 
from Sikkim (IMswas, J. R. Asia!. Soc. Bcn^., Sci., 
1947, 13 , 75 ; Information from D. 1 ). Awasthi, 
Lucknow University). 

Reindeer moss constitutes the chief food of 
reindeer in arctic and sul^arctic regions where it 
grows in cushions or carpet-like mats extending over 
many miles. Like Ceiraria islandica, it may he used 
for the production of glucose and alcohol. It contains 
usnic acid, fumarprotocetraric acid and atranorin. 
In Finland, a hot a(|ueous solution of the lichen is 
said to he used for lidK-rculosis. It yields an iron- red 
dye (Llano, Bot. Rev., 1944, 10 , i ; Bustin/a, Econ. 
Bol., 1952, 6, 402 ; Perkin & Everest, 532 : A.sahina & 
Shihata, 140). 
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7’. A*. SishdtJri, Dt lhi I'nkrrsity 
FIG. PAHMLiLIA TINCTORUM-A FOMOSK IICHF.N 


PanucHa (thcssiiiicct Krcinp. (family Parmcliaccac ; 
Tkl.- Railiijxiuvvn) is a cnistaccoiis liclicn found in 
rocky areas of Bcllary, Anantapur and Caiddapah 
disiricts (Andhra State), The lichen is available in 
large ([uantities in the marker and used as food 
material and condiment (Sastry & Scsliadri, /Voc. 
Indian Acad. Sci.^ 1942, 16A, 137 : Neelakantan iS: 
Seshadri, /. sci. indnslr. Res., 1952, llA, 33S). 

R. ahcssifiica contains atranorin (i.T'.,), lecanoric 
acid (3 3'’..), sala/inic acid (o. 1-0.5*’,,) and /.solichenin 
(3.4'*,.). Owing TO its high conienr of lecanoric acid, 
this lichen is a satisfactory source for the production 
of orcinol and litmus (Sastry & Seshadri, loc. cit. ; 
Sastry Ik Kao, Cnrr. Sci., 1941, 10, 437). 

Rarniclia cirr/iata Fr. syn. R. kanitschadalis 
Eschew, is a foliose lichen widely distrihuted in the 
temperate Himalayas; it is also recorded from hills 
of S. India. It may he tised as food. An analysis of 
the lichen gave the following values: crude protein, 
S.2 ; ether extr., 2.6 : lichenin (/.solichenin), 22.5 ; 
crude lihre, ii.o: and ash, 12.3”,,: calcium, mg. ; 
phosphorus, 156 mg. : iron, 52 mg. : a.scorhic acid, 
4.4 mg.; and rihollavin, 210 /tg./i<K) g. (Awasthi, 
Rroc. Indian Acad. Sci.y ic/io, SIB, 16(9 ; Asahina in 
Kihara, I, 52 ; Lai cV Rno, /. sci. industr. Res., 19^6, 
ISC, 71). 


R. cirrhata contains atranorin (0.6%), sala/inic acid 
(2.(iVi.) and r/-protolichesterinic acid (0.6%). -It yields 
a pale rose dye and is used for printing and perfum- 
ing calico. It possesses astringent, resolvent and 
aperient properties : its powder is used as cephalic 
snuff (Aghoramurthy ct al., J. sci. indnslr. Res., 1954, 
13B, 326). 

Ranuelia line I arum l)es})r. is a foliose lichen 
common in the plains of Inclia and in the Himalayas 
on tree hark and rocks. It is c:ommonly used in 
certain parts of S. India as a component of various 
food preparations. An analysis of it gave the follow- 
ing values: crude protein, 13.S ; ether extr., 6.0; 
lichenin (/.volichenin), 25.0; crude fibre, 13.4; and 
ash, 12.6",,: calcium, 1,728 mg.; jihosphorus, 
1 18 mg. ; iron, 36 mg. ; ascorbic acid, 5.0 mg. : and 
riboflavin, kk) /tg./ioo g. (Information from 1). 1). 
Awasthi, Lucknow University ; Biswas, /. R. Asial. 
Sac. Rcnfr., Sci., 1947. 7.^ ’ Asahina in Kihara, I, 

54 ; Mittal cV Seshadri, /. sci. indnslr. Res., 1954, 13A, 
174 ; Lai & Kao, ibid., 1956, ISC, 71). 

The chemical composition of the lichen varies 
markedly according to the locality from which it is 



j 

I 

i 

j 

1 


1 


T. R. Seshadri, Delhi University 
FIG. 36. PFL I IGEKA CANINA-A FOLIOSB LICHEN 
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collcctal. A sample from Coorg ainiaincd Iccanoric* 
add atranorin ((>.S%) and /zor-stictic add 

(i.oVo), while samples from Chauhatria (Kiiinaon 
hills) and Mysore contained sala/inic acid, besides 
atranorin and lecanoric add. Some samples of lidien 
contain as higli as 20-25';<'. lecanoric acid, though the 
hulk of Indian specimens contains c. 5.0%. This 
lichen forms a convenient source of orcitiol used as 
a starring material in a number of syntliescs and as a 
stain for micro-organisms (Neelakantan ct al., J. sci. 
industr. Res., 195'* 199; Seshadri & Suhrama- 

tiian. Rroc. Indian Acad. Sci., 19^9, 30 A, 62 ; Seshadri 
& Venkatasuhramaniaii, Res. hid.. 1957, 2, 85). 

Peliitrera canina (Linn.) Willd. (family Pellv^era- 
ccac) is a large spreaditig, rather thi('k foliose lichen 
with rounded lobes found in the temperate Hima- 
layas. It may he used as food. An analysis of the 
lichen gave the following values: crude protein, 
21.3: ether extr., 0.1 ; crude lihre, 17.5: and ash, 
8.7”,,: calcium, 486 mg. : phosphorus, 235 mg. : iron. 
49 mg. : ascorbic add, 4.4 mg. : anti rihollavin, 
430 /-ig./iot) g. ; it is reported to contain ergosterol 
(Information from 1). I). Awasthi, Taicknow Univer- 
sity ; Bisw'as, /. R. Asial. Soc. Bcng., Sci., 1947, 13, 
75; Lai & Rao, }. sci. industr. Res., 1956, 15C, 71 ; 
Llano, Kcon. Bol., 1956, 10, 367). 



Prof. T. R. Seshadri, Delhi Vuiversity 
FIG. )7. RAMAMNA SINENSIS-A FRUTICOSE IlCHEN 



Prof. T. K. Seshadri, Delhi (hiiversity 
I-IG. 38. ROCCEl I.A MON I AGNEI-A FRUTICOSE I.lCHEN 


P. canina yields an iron-red dye. An infusion of 
the lichen is considered tonic, deohstruent, and 
slightly purgative and is used for liver coniftlaints 
(Llano, Bol. Rev.. 1944. 10, i : Steinmet/.. II, 334: 
Wren, 216). 

Ranialina sinensis Jatta (family Lhncaceae) is a 
fruticose lichen with thin deeply laciniate thallus 
recorded from Nepal and Naini Tal. It may he used 
as footl. An analysis of the lichen gave tlie following 
values: crude protein, 6.8 *, ether extr., 0.2 ; lichenin 
(/.volichenin). 52.0: crude fibre, 4.1 : and ash. 4.6';..: 
calcium, 1,022 mg. ; phosphorus. 150 mg. ; iron, 
81 mg. ; ascorbic acid, 6.3 mg. : and riboflavin, 
140 /tg. too g. The lichen contains r/-usnic acid 
(0.5 '.,) and r/arahitol (0.4",,) (Asahina in Kihara, I, 
61 ; Awasthi, Proc. India}i Acad. Sci.. i960, SIB, 169 ; 
Mittal c/ id.. J. sci. indnslr. Res.. 1952, IIB, 386 : Lai 
cV Rao, ibid., 1956, ISC, 71). 

Roccella niontagnci Uel. (family Roccellaceae) is a 
fruticose lichen found commonly on the east coast : 
it is abundant in Waltair and neighbouring areas on 
a variety of trees (Neelakantan Seshadri, J. sci. 
indnslr. Res., 1952. 11 A, 338). 

This lichen cotitains roccellic acid, lecanoric acid, 
erythrin, orcinol, erythritol, montagnetol and iso- 
lichenin. Considerable variation, both (lualiiative and 
cjuantitative, is observed in the composition of lichen 
collected from different localities (Rao Seshadri. 
Proc. Indian Acad. Sci., 1940, 12A, 466 : 1941, 13A, 
199; Sastry & Rao, Cnrr. Sci., 1941, 10, 437). 
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R. manlairnci is a good I’odtlcr liclien and may also 
he used as food. An analysis of the lichen gave the 
following values: crude protein, 14.2; ether extr., 
i.o; liclienin (f.volicheniii), 15.0; crude libre, 12.9; 
and ash, 4.4';..: calcium, 394 mg.; phosphorus, 
145 mg. : iron, 46 mg. ; ascorbic: acid, 3.7 mg. ; and 
rihoHavin, 750 /tg./ujo g. It is rich in riboflavin and 
/3-carotenc and contains a[)prcciable amounts of 
ergosterol. The carotene content varies according to 
the locality from which the lichen is collected: air- 
dried samples from southern 'rravancore contained 
c. 40 mg./i(K> g., whereas those from Waltair con- 
tained 28 mg./ 100 g. A simple method for the separa- 
tion of carotene from the lichen has been worked out 
(Neelakantan & Seshadri, /. sci. indusir. Res., 1952, 
II A, 338 ; r^al & Rao, ibid., 1956, 15 C, 71 ; Seshadri 
ik. Suhramanian, Rroc. Indian Acad. Sci., 1949, 30 A, 
15 ; Mtirty 6 C Suhramanian, /. sci. indnslr. Res., 1958, 
17 C, 105 ; 1959, 18 B, 91, 162). 

Usnea lonfrissinia Ach. (family Usneaccac) is a fila- 
menious, greatly elongated, pendulous lichen com- 
mon in temperate and alpine Himalayas on trees 
(Information from I). D. Awasihi, laicknow Univer- 
sity ; Asahitia in Kihara, I. 58 ; Biswas, /. R. AsiaL 
Sue. Rcng., Sci., 1947, 13 , 75). 



Prof T. R. Seshadri, Delhi University 
FIG. 39. USNEA LONGISSIMA— A FILAMENTOUS LICHEN 


The lichen is soft and is used locally for lilling 
cushions. It may he used also as food. An analysis 
of the lichen gave the following values : crude 
protein, 5.4 ; ether extr., 2.2 ; lichenin (wolichenin), 
46.3; crude fibre, 3.8; and ash, 3.5%: calcium, 
1,028 mg. ; phosphorus, 80 mg. ; iron, 90 mg. ; ascor- 
bic acid, 3.4 mg. ; and riboflavin, 310 /Ag./ioo g. The 
lichen is reported to he used in China as an expec- 
torant and in the treatment of ulcers. Indian samples 
contain a high percentage of iisnic acid (3-4) ; they 
also contain harhatic acid and arahitol. Usnic acid 
and harhatic acid possess marked anti- tubercular 
activity; the latter also produces haemolysis (Necla- 
kantan & Seshadri, /. sci. indusir. Res., 1952, llA, 
338 ; Lai ^ Rao, ibid., 1956, 15 C, 71 ; Ohar et ah, 
ibid., 1959, 18 B, 1 1 1 ; Mittal & Seshadri, ibid., 1954, 
13 B, 244 ; Btistin/a, Econ. Bot., 1952, 6, 402 ; Seshadri, 
Indian ]. Pharm., 1953, 15 , 286 ; Pereira & Bhatnagar, 
ibid., 1953, 15 , 287). 

Licorice — sec Glycyrrhiza 

LICUALA Wiirmb. {Palniae) 

A genus of low palms found in tro[)ical Asia, 
Australia and Pacilic Islands. Four species *Kcur in 
India including two introduced species grown in 
gardens for ornament. 

L. pcltata Roxb. 

D.K.P., IV, 639; M. Br. Ind., VI, 430: Blatter, 88 . 
PI. XXIH. 

Ben(;. Kiirtid, kurktili. 

Assam —P^////, cliaila-lhil : Lkpciia -Tale lama; 
A NDA M A N s — Ka fyadali . 

A gregarious fan-leaved palm, i. 5-4.5 m. high, 
found in the hoi valleys of North Bi'iigal, lower 
Sikkim, Assam, Khasi, Naga and Lushai bills, Orissa 
and Andaman Islands. Leaves orbicular, 0.9 1.5 in. 
in diam., peltate. 12-30 partite: segments variously 
connate, many-toothed at the apex ; petiole i. 8-2.1 m. 
long, triangular, armed with stout, curved, black 
spines : flowers numerous on short stalks, greenish 
white; fruit ellipsoid, 1.25 cm. long, orange-coloured, 
one seeded. 

L. peltata is grown in gardens for ornament. The 
leaves are used in As.sam for covering palaiKpiins and 
roofs of boats, and also for making rain hats and 
umhrellas. They arc used for thatching after strip- 
ping the petioles and fastening to slivers of bamboo 
(Firmingcr, 307 ; Bor, 348 ; Parkinson, 269 ; Gamble, 
733 )- 
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L. spinosa Wurmb. 

FI. Hr. Tnd., VI, 431 ; Blatter, 93, PI. XXXTI. 

Hindi — Jungli selai, 

A densely tufted palm with many stems f(3und in 
the Andaman Islands, Java and Malacca. It is smaller 
than L. pcltala and occurs in swampy places and out- 
skirts of tulal forests near the sea shore. It is often 
grown in gardens for ornament. The leaves of the 
palm, like those of L. peltatay are used for thatcliing 
purposes. The bark is reported to be an ingredient 
of drugs used in Cambodia for the treatment of 
tuberculosis. Alcohol and chloroform extracts of the 
leaves show slight indication of inhibition against 
Mycohaclvrunn tuberculosis (Burkill, IF, 1342 ; 
Parkinson, 26c; ; Brown, 1941, I, 3 (k; : Cains, /. Boui- 
hay lint. Hist. Soc., *934-35, 37 , 934 : Mnsilimgan 
ct (il., Philipp. /. Sci., 1959, 88 , 245). 

Licury Wax — see Cocos 
Lignaloc Tree — see Bursera 

LIGNITE 

Lignite is the name applied to unconsolidated coal, 
below suh-hitumiiunis rank. It represents a stage in 
the tratisformation of buried plant tissues into black 
coal by compression and consolidation, and forms a 
connecting link between peat and bituminous coal. 

Lignite is readily distinguished from coal by its 
brown colour and amorphous, (ihrous or woody 
texture. It contains 20-60% moisture (as mined basis) 
which is lost on exposure to air, and the mass 
shrinks and crumbles to powder. Lignite also con- 
tains 5-15% I'csin or w.ax. It bums with little or no 
smoke. The calorific value of moisture-free lignite 
ranges from 6,000 to 7,000 B.t.u./lb. 

Depending on the appearance, lignites may be 
classified as: earthy brown or fibrous lignite, 
approaching peat in appearance and properties ; 
woody or xylitic lignite, consisting largely of coalified 
wood and retaining woody structure ; and amorphous 
brown coal having a darker shade than the other two. 
On the basis of resin or wax content lignites may be 
classified as: waxy lignite, containing a comparative- 
ly high proportion of montan wax or related com- 
pound and a relatively low quantity of resin ; resinous 
lignite, containing appreciable cpiantitics of resin 
along with montan wax ; and non-waxy, fibrous or 
woody lignite, containing little or no wax. 

Lignites arc widely distributed in all the conti- 
nents, except possibly Antarctica. The occurrences in 
North America and Europe arc extensive. In India. 


lignite occurs in the States of Gujarat, Kashmir, 
Kerala, Madras and Rajasthan, and also in Siwaliks 
and Pleistocene of the Himalayan regions. All the 
occurrences arc of the Tertiary age. 

DisTKinurioN 

Gujarat- lAgniic occurs in Kutch, in association 
witli rocks of the Eocene age (Iiaki series) near 
Umarsar 44' : 68*" 51'), Lefri (23” 30' : 69° 1'), 
Jhulrai (23" 31' : 68'^ 51'), and Baranda (23" 31' : 
68“ ^8'j. The Umarsar deposit consists of 5 or 6 seams 
of brown to dark brown resinous lignite. The top 
seam has a max. thickness of 10 ft. with an over- 
burden of itx) ft. : the one below has a max. thickness 
of iS ft. ; Olliers arc relatively thin, ranging from 

1 to 3 ft. The scams arc practically horizontal with 
rolling dips and the inferred reserves in the top two 
.scams are 4 4.3 million tons. A lignite seam (length 
2(X) ft., max. thickness 5 ft.) has been located 
mile north-west of Lefri. The lignite is of rather poor 
(|uality : the re.serves in this area arc estimated at 
134,000 tons. A seam 4-6 ft. thick occurs near 
jhulrai ; the reserves are estimated at 1.4 million tons. 
The lignite deposit near Baranda is hardly 2 ft. thick 
and is not of much economic importance. According 
to recent reports the estimated reserves in the Kutch 
region are at it million totis [Poddar & Venkatap- 
payya. Unpublished Final Rep. on Coal and Lignite 
Deposits of Kutch f Geol. Siirv. India. 1953 : Iron & 
Steel Rev., i960 6r, 4(4), 48]. 

Sizable deposits of lignite have recently been founil 
at Bhuri and in the region between the Narbada and 
the Tapti rivers in Broach and Surat districts. Accor- 
ding to preliminary investigations the deposits appear 
to be of a similar extent as the Kutch deposits. The 
lignite obtained is reported to he of fairly good 
(|ualify \iron Steel Rev., 1960-61, 4(4), 48|. 

Kashmir Lignite beds occur in Middle Karewas. 
which arc late Tertiary formations of the Pliocene 
age. Two lignite horizons have been recognized in 
the Shaliganga river-Ferozepore nala sector. The 
Karewas in this sector show pronounced folding 
rc.sulting in steep dips and repetition of outcrops ; 
the folding disappears to the west of Srinagar- 
Tangmarg road and the beds flatten out. The upper 
horizon is completely eroded ; it carries a thin band 
of lignite, 3-6 in. thick : the reserves of lignite arc 
insignificant and (juality is poor. The lower horizon 
300 ft. below, consists of two scams, i ft. 6 in. and 

2 ft. thick, in the Arigam (33° 56' : 74“ 4i')-Nari- 
gimd (33® 55' : 74"^ 40') area. 'Fhe lower scam splits 
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into 3 scams further to the north-west of Shaliganga 
area. 'I'hc lignite seams in fhe lower horizon have an 
aggregate thickness of 5 fl. 7 in. within about 18 ft. 
of strata near Reram : the aggregate thickness 
increases to 8 ft. 9 in. at Naghal (34° 6' : 74° 23') 
within 68 ft. of strata and to 9 ft. near Malapur 
within 21 ft. of strata. A few hands in the lower 
horizon near Tangmarg contain lignite of usable 
(juality : the ash content, however, is high (40%). 

Two well-delined lignite horizons are found in the 
Nichahoin (34" 23' 30" : 74” 9') area. Three seams, 

ft. 8 in., 3 ft. 5 in., and 4 ft. 9 in. thick, have been 
proved in the upper horizon and at least one seam 
with a thickness of 5 ft. occurs in the lower horizon. 
'I'he horizons continue further to the north-west in the 
Chokihal area ; ht)th horizons have been traced at 
Ilonginkut (34"’ 27' 10" : 74" 5' 30") in Kanahom 
Nar. 'J'he reserves in the Nichahom-Chokihal area, 
within a depth of 5 times the thickne.ss of the lignite 
horizons, are estimated at 35 million tons | Mehta, 
fiidiati Min. 1957, 5(io), 58]. 

The total reserves of lignite in the Kashmir valley 
are estimated at 128 million tons; reserves of work- 
able deposits are, however, limited. Steps are being 
taken to exploit the deposits of Tangmarg and 
Nichahom Chokihal areas [Mineral Production in 
India, Indian Rureau of Mines, 1957, 42 : /. Min. 
Metals Furls, 1959, 7(3), 32]. 

Kerala — lagnite occurs at Cannanore (n"* 52': 
75'' 22'), Beypore (11^ k/ : 75° 47') and Varkkallai 
(S'’ 44' : 76° 43'). The last deposit, which extends over 
a wide area between Quilon and Palaikkal, is promis- 
ing. The thickness of the seam varies from 25 ft. to 
40 ft. and the reserves have been estimated at 270 
million tons. Actual exposure of lignite is limited to 
the coastal strip near Varkkallai. Detailed investiga- 
tion by boring Tertiary sediments is neces.sary to 
assess the reserves in the area |/?r’c. gro/. Surv. India, 

1950, 83 (i), 136I. 

Madras 'riie largest known lignite deposit in the 
country occurs in the neighbourhood of Neyveli 
(79° 29' ; 32') in South Arcot dist. Lignite was 

first noted in this area in 1934 ; .systematic drilling, 
carried out during 1943-46 and 1948-51, proved the 
existence of extensive deposits of lignite with an 
estimated reserve of 2.(xx) million tons. 

The Cuddalore sandstones of Miocene age asso- 
ciated with the lignite deposit are composed of soft, 
often water-logged grit with clays of variegated 
colour rich in alumina. The lignite bed occurs 140 ft. 
below the surface, as a regular seam varying in thick- 


ness from a few inches to 90 ft. The bed has a low 
dip towards ESK and shows a tendency to thicken in 
this direction. The overburden: lignite ratio varies 
from 2:1 to 24: 1 with an average of 9:1. 

The lignite bed is sandwiched between high pres- 
sure artesian aquifers, the bottom one being tlie more 
powerful. The aquifer consists largely of porous 
pebbly sandstones, varies in thickness and character 
from area to area, and occurs mostly within 5o-i(X) ft. 
of the lignite heel, though at some places it is in direct 
contact. The lignite bed is mostly sealed off from 
aepiifers by layers of impervious clay. The high pres- 
sure a<|uifer occurs within 3<xi-35o ft. from the 
surface. 

The lignite varies iti colour from hrowti to dark 
hrowti and has a noti-banded granular texture. Micro- 
.scopic studies indicate that it is composed of a wide 
variety of plant ingredietUs mainly of coniferous 
origin. The attritus consists of compressed woody 
rivssuc and cuticular coverings of leaves, fruits and 
resinous matter, and occasionally small (plant it ies of 
light resinous bodies, probably of a waxy nature. 
Most of the attritus is translucent in thin sections ; 
fusain is occasionally found as opaque matter. 

The proved lignite field lies between latitudes 
1 24' and 1 1'’ 37' and longitudes 79” 24' and 79" 33', 
in Vridhachalam, Chidambaram and Cuddalore 
taluqs. The field is e. 14 miles along the NNlv- 
SSW direction and 7 miles in the WNW KSK direc- 
tion. The northern and north-western limits of the 
field are known, but its extension to east and south, 
where the lignite is expected to (xcur at deeper levels, 
is still to be proved. 

Boreholes in the northern part of the field proved 
an area of about 5^1 S(|. miles in which the lignite 
bed has an av. thickness of 55 ft. and an overburden 
of 180 ft. This area being on the extreme rise of the 
scam encounters less pressure from artesian water 
than other areas and has been chosen for mining by 
the open cut method. 

Tagnite also occurs along the coastal tracts between 
Pondicherry and Cuddalore. Deposits are located at 
Bahur (i 48' : 79° 44' 30"), 5 miles NNW of Ciidda- 
lore, Aranganur (2^ miles north of Bahur), and 
Kanniyakovil (3 miles north of Cuddalore). At Bahur, 
a 35 ft.-seam occurs at a depth of 275 ft. At Aranga- 
nur, two seams have been observed, the upper, 
27 ft. thick at a depth of 203 ft. and the lower, c. 5 ft. 
thick at a depth of 297 ft. A 50 ft.-seam was encoun- 
tered at a depth of 330 ft. at Kanniyakovil. Assuming 
that the same seam has been touched in boreholes 
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sunk at these places, it is calculated that the seam 
has a SSK dip of 50 ft./mile (Krishnan. Mem. gcoL 
Snrv. Indift, 1951, 80 , 164). 

Cuddalore sandstones associated with the Neyvcli 
lignite deposits also occupy large areas in Tiruchira- 
pally, Tanjore and Ramnad districts along the coastal 
tract. Detailed investigation will be necessary to 
ascertain whether lignite occurs, in exploitable (luan- 
tities, in these areas. 

Rajasthan — In Bikaner division, lignite occurs at 
i\alana (27^ 51' : 73° u/), Madh (27° *• 33'). 

Khari (27° 58' ; 73° 57'), Chaneri (27” 45' : 72° 48') 
and Gangasarowar (27” 56' : 72*" 54^. Of these, the 
Palana occurrence, 12-13 south-west of Bikaner 
city, is the most important. The lignite seam appears 
to be of half-saucer shape, varying in thickness from 
a few inches to 2 ft. on the edges to 22-40 ft. towards 
the centre, then abruptly disappearing .against mitti 
pocket running along the whole length of the bed. 
The seam is 2.5 miles long and has a NW-SK trend, 
with a dip ol 10-15'^ from the edges to the centre. 
The bed occurs 140-260 ft. below the surface in asso- 
ciation with nummilitic limestones and sandstones 
of Eocene age (I-aki series). 

Thin hands of lignite are found at Madh and 
(iangasarowar below the surface. At Khari, a 3 ft.- 
lignite seam occurs 105 ft. below the surface. At 
Clianeri, a 5 ft .-bed of fairly good (piality lignite has 
been found at a depth of 180 ft. ; the bed shows indi- 
cations of thickening towards the cast. As the entire 
area is covered by desert sand, it is difficult to ascer- 
tain (in the absence of borehole data) whether the 
seam is continuous between Palana and Madh or in 
the direction of Chaneri. There are, however, possi- 
bilities of an extensive bed, though of variable thick- 
ness, underlying a large area in western Bikaner and 
possibly also in Jodhpur and jaisalmer divisions 
|Bhattacharya, Indian Min. /., 1955, 3(9). 105 : Heron, 
Trans. Min. geol. Inst. India, 1935, 333 * Sethi, 6 ; 

Roy. Mem. geol. Sttrv. India, 1959, 86, no]. 

The colour of Palana lignite varies from typical 
brown to greyish brown ; it is non-banded and 
granular. Microscopic studies of thin sections indicate 
the presence of finely divided, light yellow material 
derived from plant cuticles ; there is a larger con- 
centration of resinous bodies in Palana lignite than 
in South Arcot lignite ; opa(|ue attritus, possibly 
fusain, is present in very small amounts. 

Lignite mining around Palana was started in 1898 
and continued till 1956, when due to uneconomic 
working conditions and frequent underground fires, 


mining was suspended. More than one million tons 
of lignite have been won from the area. The total 
reserves of lignite in the Palana area are estimated at 

20.5 million tons. A deposit of about 15 million tons 
of lignite is expected to be located at tbe neighbour- 
ing site of Desnok \Mincral PrnducTum of India, 
Indian Bureau of Mines, 1957, 42 : Indian Miner., 
i960, 14(2), 164]. 

For exploiting the two lignite deposits at Palana, a 
project has recently been drawn up by an experi 
committee appointed by the (h)vernment of India. 
The project envisages (|i tarrying, by open cast 
tnetbod, about 42,000 tons of lignite per month from 
the till recently worked seam. J’he overburden 
removal operation for exposing an area of 1,510 ft. x 
210 it. X40 ft. at tbe first instaiue, is expected to 
start by April 1962. 'Die tpiarrying operation is like- 
ly to start in 1963. For assessing the feasibility ol e\- 
ploiting tbe adjoining thinner lignite seam by under- 
ground gasification, the committee has suggested that 
suitable tedmical advice may be sought. 

Ml.NlNC. 

Lignite is usually mined by ojten cast operation. 
Underground mining by tbe conventional pillar- 
and-stall method was pursued at Palana from 1898- 
1956 bur was given tip as it proved to be uneconomic. 
In Kashmir, lignite is (piarried by open cast method. 

Underground gasification of lignite and piping tbe 
gas to a power generating station has been tried in 
U.S.S.R. 

For the exploitation of lignite deposits in South 
Arcot, open cast mining has been started on a limited 
scale by the State-owned Ne\veli Lignite Corf^oration 
[Private) Ltd. The Second Plan envisaged tbe mining 
of 3.5 million tons of lignite per year, of which 1.5 
million tons were to be consumed for generating 
power in a thermal station of 250,000 kW. capacity, 

1.5 million tons were to be utili/ed for producing 
38 o,(xx> tons of carbonized bricpiettes and the rest for 
producing 152.000 tons of tirca fertilizer (with a fixed 
nitrogen content of 7 o,ckk) tons). Production of lignite 
is expected to commence on a commercial scale by 
1962. 

The Third Plan envisages the completion of tbe 
programme included in the Second Plan, expansion 
of thermal power }dant capacity to 400,000 kW., and 
stepping up of the output of lignite from 3.5 
million tons to 4.8 million tons, in onicr to meet 
the fuel re(|uiremcnts of the expanded thermal 
power plant. 
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Photo: Ne\irli Lignite Corporation 

FIG. 40. EXCAVATOR REMOVING OVERBURDEN AT NEYVELl 


Work has liccn started in a mining area of c. 5J/2 s(j. 
miles witli a reserve of 2cx) million tons of lignite. The 
area has been dividerl into a niimher of sectors, on 
the basis of available lignite, overburden: lignite 
ratio, and nature of overburden ; each sector is being 
worked according to a definite plan. 

On the basis of the results of large scale pumping 
tests completed in 1956, forty-eight thousand gallons 
of water from the artesian aquifers will have to be 
pumped out per minute from 48 wells, to maintain 
the pressure of aquifers at a safe level below the lig- 
nite bed. The water will be used for boiler feed and 
cooling puiposes in the thermal power station and 
also for irrigation and potable purposes. 

(^oMPosrnoN and Uses 

'J'he chetnical composition of air-drieil samples of 
lignites from Neyveli, Urnarsar, Palana and Kashmir 
deposits is given in Table i. 

The ash contents of Kashmir lignites are usually 
high and in most cases, the ash is intimately asso- 
ciated with coaly matter. Germanium is present in 


TABI E 1-ANAI.YSES OF AIR-DRIED LIGNITES FROM INDIAN 
DEPOSITS* 


S 0111 I 1 Arcot IJniars.'ir 
(Kiit(h) 


Proximate analyses 

Moisture, ‘;v» 

Ash, % 

Vol.itilc 
matter, % 


Ultimate analyses 

Carlxin, % 

Hydrogen, % 

Oxygen, % 

Nitrogen, % 

Sulpliur, % 

Calorific val., 
ILt.u./Ib. 


10.5 15..^ 18.20 

.^.8 6.7 15.40 


53.79 .S9.05 46.05 

3.71-3.99 3.51 

17.76t 13.60 

0.55 0.94 0.62 

0.72 I.I3 3.10 

9,566 9,850 8,740 


Palana 

Kashmir 

26.7-33.4 

6.5 19.2 

4.4 6.1 

37.9-38.6 

34.3 45.2 

22.3-27.0 

23.7-26.2 

1.S.2 33.3 

.52.32t 

26.38-42.19 

4.74 

1.75-2.43 

8.81 

5.80t 

0.91 

0.30 0.84 

1.68 

0.33-1.77 

9,740 

6,660t 


42.7-45.5 35.50 

Fixed carbon, % 35.8 39.8 30.90 


• Based on analyses carried out at the Central Fuel Res. Inst., 
Jealgora. fAnalysis of one sample only. 
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traces ^<o.cx>2%) and a relatively high proportion o£ 
vanadium (220 p.p.m.) is obtained. Analysis o£ ash 
£rom a sample of South Arcot lignite gave the follow- 
ing values: CaO, 24.08; AlaO.,, 21.3; MgO, 5.14; 
FcaOa, 4.13; TiOj, 2.13; SiOo, i8.w; o.io; 

SO3, 24.20 ; and alkali (as K^O), 0.92%. Beryllium and 
yttrium occur in detectable cjuantities ; germanium is 
present in fair traces. The mineral matter of South 
Arcot lignite is composed mainly of kaolinite, gyp- 
sum, (piartz and hydrated oxides of aluminium and 
iron ; pyrites arc also present. The ash constituents 
of Palana lignite arc the following: CaO, 22.4-22.74 ; 
AI3O3, 6.46-6.96; MgO, 10.67-1 1.36; FcaO.,, 14.68- 
15.18 ; SiOa, 6.08-11.09 »* 22.98-33.70 ; K2O, 2.19 ; 

and NagO, 3.04%. 

South Arcot lignite contains c. 10';.. crude montaii 
wax. Extraction with alkali yields 55';,, humic acid. 

Lignite is a low grade fuel usable for almost all 
purposes for which coal is used. As the mined 
material contains 40-50/0 moisture, it needs to he 
tlricd before use ; in this process, lignite loses coher- 
ence and disintegrates into powder. For power genera- 
tion, lignite can he used in pulverized form in speci- 
ally designed boilers without further processing. 
Sized semi-dried lignite can also he used in step-grate 
or trough-grate boilers. Where the power station is 
situated near the lignite mine, it is advantageous to 
use the fuel in pulverized form ; Kramer mills are 
used for drying, crushing and conveying lignite in 
one operation. When the power station is situated at 
a distance from the mine, dried lignite is supplied in 
the form of hi'ii|uetlcs. 

Brufuettin^ of lignite — lagnite is hrif|uetted hy 
pressing the dry powder in moulds under pressure 
( 8 oo- 2 ,o(x> kg./s(|. cm.). T’lie hri(|ueltes (moisture 
content, 12-17*;..) arc fairly stable and can he handled 

TABI K 2— COMPARISON OF COAL AND BKlQUF i TbD LIGNITE* 



Jliaria 

coal 

Haw 

lij;nile 

Haw 

l)ri(|ui-ltes 

liOW 

carboiii/.eil 

brit|iiell(.s 

Moisture, ‘V, 

2.0 

50.0 

12.0 

4.0 

Ash, "0 

15.6 

3.0 

5.3 

5.2 

Volalile mailer, 

19.2 

24.S 

43.6 

11.0 

Fixed carbon, % 

6.^.2 

22.2 

.V).t 

79.8 

Ualorific val., 
B.l.u./ll). 

12,650 

5,540 

9,750 

1 2,500 

* Tnrorination 
(Private) Ltd. 

Troni Messrs. 

Neyi't 

.‘li Litinitc 

Corlioration 


TABLE 3-EX'IRACIION OF LIGNITE FROM PALANA DEPOSIT 



Qty 

(ions) 

1940 44 (av.) 

44,289 

1945 49 (av.) 

60,187 

1950 

20,203 

1951 

33,076 

1952 

45,133 

1953 

34,433 

1954 

1 occ 

29,615 

1956 

25.615 


and stored without disintegration or transported over 
long distances. 

Raw hri(piettes may lie sidijected to low temjiera- 
ture carbonization to olnain highly stable carbonized 
bri{|uettes (moisture content, 4/..) suitable for use as 
domestic smokeless fuel. 

Bric]uettes (arbonized at 6(H)'' have calorific values 
comparable to those of bituminous coals. Compara- 
tive values for moisture, ash, volatile matter, fixed 
carbon and calorific value of coal, raw lignite and 
l)ri(|uetted lignites are given in Table 2. 

Lignite tar, obtained as a by-product of low 
temperature carhoni/atmn can be directly hydro- 
genated under pressure for the manufacture of avia- 
tion oil, motor spirit and diesel oil. Synthetic oil can 
also he obtained hy Fisc her-Tropsch synthesis based 
<ui gasification of lignite char (Rcl). on the U liliznlion 
of South Arcot Lijfiiilc, Fuel Res. Inst., Jealgora, 
'954. 25). 

lagnite may he gasific'd for the [iroduction of semi- 
water gas and utilized for the production of ammo- 
nium sulphate/ammonium nitrate or urea. The 
Ncyvcii lA^fnitc Corlwration [Private) Ltd., proposes 
to gasify about 0.5 million tons of lignite hy the total 
rec:yc:le process for the production of 152,000 tons of 
urea fertilizers. 

Other Products Lignite tar is rich in higher 
phenols and poly-hydroxy phenols. It can he pro- 
cessed for obtaining chemicals rccpiircd for plastic 
and pharmaceutical industries and also for the manu- 
facture of insecticides and disinfectants. The tar 
contains approximately 7% paraffin wax which can 
he recovered in purified form. South Arcot lignite 
contains a small ciuantity of montan wax which can 
be extracted with a mixture of benzol and alcohol. 
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PK()i)r(:ri()>^ 

Tal)lc 3 i^ivcs produciion of from Palana 

area in rarnt years. Mining of ligniie in the area has 
l)een muler suspension since n;57. A small (piantity 
of lignite is |)ro(liice(l annually in Kashmir : prodne- 
lion in the .Stale during 1957, 195S, 1959 and i960 
was res|)ei lively ;v73.^ 4*7-* metric 

tons. 

Lignum Vitae — srr Guaiacum 

LIGULARIA C: ass. {(U)Vi[y()sila(‘) 

FI. Hr. Ind., Ill, 34S. 

A genus of showy herhaceous perennials distri- 
buted in Furope and Asia. About a dozen species 
occur in India in the Himalayan region : one exotic 
spe( ies is ciiltivaicd in gardens. 

Several species of Ligiduria are grown in the open 
or indoors for their striking flower heads and foliage ; 
they are suitable for potting and also bedding under 
shade, and are usually propagated by cuttings or 
division (Hailey, 1947. * Hailey & Hailey, 427). 

L, tussilanifica (Hurm. f.) Makino syn. L, /vV/cii/p/crZ 
Sieh. cV Zucc. : Svticcin kacvipfcri DC. is a low- 
growing rhi/omatous herb with large, orhicul.ir to 
nearly reniform, dark green leaves ; flowering stalk 
40 60 cm. long with yellow flower heads. The plant 
is a native of japan, and two cultivars, ‘Aureoma- 
culata' and ‘Argentea’, are popular in gardens. The 
former with golden yellow flecks and blotches on the 
foliage is grown in Indian gardens. ‘Argenlea' with 
silvery-white blotches on the foliage is less commonly 
grown. I'he rhizomes of L. lussila^itica contain inulin 
and /i-dimethylacrylic acid (Hailey, 1947, II, 1S5S- 
59: Lawrence, Ihiilcytt, 1957, ^9 9 ’^ * f irminger, 4S1 : 
Wehmer, II, 1251). 

LIGUSTRUM Linn. (Olcuccac) 

A genus of shrubs or trees, (ominonly known as 
Pri\e(s. disirihuted in temperate and tropical Asia 
lo Aiistr.'dia. with one species occurring in Furope 
and N. Africa. About 16 species are found in India. 

A n umber of L/gt/.s/rt/nz species are grown in 
gardens for their handsome foliage and profusion of 
white flowers. 'Lhey are hardy and can he grown in 
any kind of .soil. Propagation is done by cuttings or 
by divisions and seeds (Krislmamurthi, 217 : Hailey, 
* 947 * 11 * »^ 59 )- 

L. lucidum Ait. syn. L, spkalinu Ilort. Glos.sy 
Pki\’i:i. Ciiinksk Pkivkt 

FI. Assam, HI, 240. 


Khasi — Soli-pali-ict, dictiir-soh-la-paict. 

A large evergreen shrub or a small tree found in 
Khasi hills up to an altitude of 1,500 m. ; it is often 
cultivated in gardens. Bark grey wirli brown coarse 
strands, corky, dull white inside ; leaves ovate or 
elliptic-lanceolate, coriaceous, glossy ; flowers in pani- 
cles. creamy white, fragrant ; fruit blue black when 
ripe, oblong, c. 1.25 cm. long. A number of horticul- 
tural types with variegated leaves are recognized. 

The w^ochI is light yellowish brown in colour, even- 
graiiu'd, hard and elastic. It is used for agricultural 
implements in As.sam : it is reported to he used in 
China for walking sticks, hay forks and umbrella 
handles (Howard, 496: FI. A.s.sam, III, 240; Hurkill, 
II. 1343). 

L. liividum is a host of the white wax in.secl. The 
berries are reported to he used in Malaya for rheuma- 
tism. In China, a decoction of the hark and leaves is 
taken for promoting perspiration (Hurkill, II, 1543; 
Cheo, Boi. Bull. Acad, sinicu, 1949. 3 , 136). 


L. roxburghii C. H. ("larke 
D.F.P., IV, 640; C.P., 1047 ; FI. Hr. Ind., Ill, 615. 
A small evergreen tree, c. 6 m. in height, found on 
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the hills in Dcccan Peninsula. Bark russet hrown ; 
leaves ovate-lanceolate, coriaceous : flowers in pani- 
cles, white ; fruit curved, 0.75-1.0 cm. long. The plant 
grows into attractive bushes when raised in deep 
moist garden soil. 

The wood is brownish white and durable : it is 
locally used for construction purposes and as fuel. 
The hark is reported to hasten the fermentation of 
toddy tapped from Cary at a arc ns. It contains tannin 
[Cameron, 18 1 ; Edwards ct al., Indian For. Rn:., 
N.S., Chem. & Minor For. Prod., 1952. 1(2), 159]. 

L. compactnm Hook. f. & Thoms. (Assam — 
Parse rn-thitifr) is a glabrous shrub or a small tree, up 
to 9 m. in height and 0.9 m. in girth, with elliptic- 
lanceolate leaves and white flowers found in the 
Himalayas at altitudes of 9(X)-2,7oo m. and in Norih 
Cachar and Khasi hills in Assam. The plant is grown 
in gardens and serves as a good bee pasture. "I'hc 
wood is white, moderately hard, close-grained and 
durable. The leaves are lopped for fodder (Gupta, 
512 ; Singh, Indian ]. Hort., 1954, 11, 52). 

L. indictnn (Lour.) Merrill syn. L. ncpaloisc Wall. 
(Hindi — Keri, ban pa la ra ; Nf.pal Kvri ; Ki’maon - 
Mcrclia) is «'^n evergreen shrub or a small tree with 
elliptic-oblong leaves and panicles of white flowers 
found in the temperate Himalayas and Khasi and 
jainiia hills up to 1,800 m. The leaves are considered 
diuretic : they are applied in poultices to bruises. The 
yellowish wood is reported to be useful for diseases 
of the teeth (Crevost & Petelot, Bull. ccon. fndoch., 
1954, 37, 293). 

L. japonicuni Tlumb. (Japanese Privet) is a shrub, 
up to 3 m. in height, with ovate-oblong leaves and 
panicles of yellowish white, fragrant flowers ciilli- 
vated in Indian gardens. The seeds contain reducing 
sugars (i5.5\’«>)» niannitol, and a fatty oil (14.9",,) con- 
sisting of 19.5'//. saturated (palmitic and stearic) and 
80.5';,, unsaturated acids (mostly oleic : linoleic, 
11.5','/.). A coffee-like drink is prepared from the roast- 
ed seeds in China (Crevost & Petelot, loc. cit. : Chan. 
Ahstr., 1953. 47, 9563). 

The leaves contain a glucoside, syringin, mannitol, 
/)-hydroxy cinnamic acid, anti ursolic acid. Syringin 
is also present in the bark. Extracts of the leaves 
show anti-bacterial activity (Wehmer, 11, 953 : Chan. 
Abstr., 1951, 45, 4791: 1952, 46, 3017: 1955, 49, 
14275 : 1950, 44, 696). 

L. perrotleiii A. IX^ syn. L. nrilghcrraisc Wight 
(Mar. — Kungin, nicdsing ; Tam. — Punganchedi, koli ; 
MM..—PunnH ; Bombay — Lokhandi, marsingha) is a 


large shrtib or a small tree, sometimes attaining a 
height of 6 in., commonly found on the hills of 
Dcccan Peninsula. The wood (wt., 52 Ib./cu. ft.) is 
grey, close-grained, hard, compact and durable. It is 
locally used for the construction of huts and for fuel 
(Talbot, II, 198-99). 

L. robustuni Blume is a large shrub or a tree found 
in the i limalayas from Kuinaon eastwards and in 
parts of Assam, Bengal. Bihar and Orissa. It is also 
cultivated in gardens. The leaves anil bark contain 
a bitter principle, tannin and traces of an alkaloid. 
'The wood is cream-coloured and hard. It is a good 
fuel wood: calorific valtie: sapzvood — 4.816 cal., 
8,670 B.t.u. ; hcarlzvood 4,801 cal., 8,644 B.t.u. 
(Wehmer, II, 953: 1"1. Assam, III, 239: Indian For., 
1948, 74, 280 : Krishna Ik Raiuaswami, Indian For. 
Bull.. N.S., No. 79, 1932, 19). 

L. ovalifoHuni Hassk. is a handsome shrub, native 
of japan, cultivated in Indian gardens and prized 
for hedges. L. vulgarc Linn., the common Ei ropka.n 
Privet, is also grown in hedges. The leaves and 
fruits of this plant are medicinal : they are reported 
to contain toxic principles. The fruits have been used 
in Germany for colouring wine (U.S.I)., 1947, 1506). 

Lilac, Persian — see Melia 

LILIUM Linn. (Idliaceae) 

A large genus of bulbous herbs with unbranched 
stems, confined mostly to the temperate regions t)f 
the northern hemisphere. Popularly known as lalies, 
several s|)ccics are cultivated in gardens for ornament. 
About a dozen species occur in trojiical and tem- 
perate Himalayas and in the mountainous regions 
of S. India : a mimher of exotics are grown in 
gardens. 

Lilies rank high among bulbous, ornamental 
garden plants and are esteemed for their stately habit 
and various coloured flowers. They are mostly hardy 
perennials re(|iiiring for their growth plenty of water 
all the year round. They thrive well in the cool 
climate of hill stations ; a few species may he induced 
to grow in the jilains, but the bulbs perish in one 
season. 'They do well in light, rich, well-drained sandv 
or loamy soil : soil containing lime should be avoid- 
ed. Partial shade is necessary. Propagation is by seeds, 
bidbils, scales and division of offsets. Plants grown 
vegetatively hear flowers in 2 or 3 years, while those 
raised from seeds may take as long as 3-4 years, even 
5-6 years in some cases. Btilbs of choice species arc 
imported from Holland, England, Burma, China 
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and Japan (Gopalaswamlengar, 495 ; Bailey, 

1947, II, 1H63 65 : Chittenden, III, 1167 ; Firiningcr, 

Lily flowers are esteemed for their form and fra- 
granc:e and used for decoration and in religious 
ollcrings : they are ideal for cutting. Bulbs and 
flowers of several species are used as food in China, 
Japan and elsewhere. Starch is extracted from the 
i^ulhs of a few species in China. Medicinal uses arc 
attributed to some of them (Bailey, 1947. IT, 1863, 
1865 : Winton & Winton, II, 191 ; Porlertield, Econ. 
But., 1951, 5 , 25 : Neal, 167). 

L. candidum Linn. Maoona Ijlv, AnnuxNciation 
Ijly 

Bailey, 1947, II, i86y. 

A tall smooth herb, 0.6-1. 2 m. high, with globular 
or broadly ovoid bulbs. I^eaves ohlanceolaic or 
narrow-lanceolate to nearly linear : flowers trumpet- 
shaped, 7.5-10.0 cm. long, waxy white, delicately 
fragrant, in close erect raceme. L. candidum is per- 
haps the oldest of the cultivated lilies. It occurs in 
S. Europe, S.W. Asia, from Corsica to the Caucasus 
mountains, and N. Persia. It is grown in Indian 
gardens. 

The flowers emit a strong and heavy perfume. 
Extraction with petroleum ether gave c. 0.22% of a 
grccn-hrow'ii waxy concrete from which a viscous 
absolute was obtained in yield. The absolute had 
the following characterisiics: s|). gr.' * , 0.9592: 

1.4787 ; c'lcid val., 27.16 ; ester val., 122.04 : and carbo- 
nyl val., 18.9. Co-distillation of absolute with diethy- 
lenc glycol at reduced pressure yielded 8.2* of a vola- 
tile oil with the following constants: sp. gr.' *', 0.9013 ; 
|m|‘" ,4- 1.^7” : /r" , 1.4681 : acid val., 12.62 ; and ester 
val., 96.S0. The oil contains acetic, palmitic and cin- 
namic esters of /)-crcsol, linalool, a-tcrpineol and a 
primary phenyleihyl alcohol. Absolute of lily may 
l)C usetl wdth great advantage in high grade perfume 
compositions of floral as well as oriental type. It is an 
excellent fixative ((iuenther, VI, 73-74). 

The bulb is odourless with a somewhat bitter taste. 
It contains a mucilage and an acrid substance. The 
hull) is considered demulcent and astringent. A de- 
coction of the bulbs in milk or water is taken for 
dropsy ; a poultice is used as external application for 
tumours, ulcers and skin inflammations. The fresh 
flowering plant is used in homeopathy as an anti- 
spasmodic : the pollen is used against epilepsy 
(U.S.I)., 1947. 1506 ; Wren, 233 ; Steinmetz, II, 
274 “ 75 )- 


L. giganteum Wall. 

D.E.P., IV, 640 ; El. Br. Ind., VI, 349 ; Kirt. & 
Basil, PI. 976. 

Jaunsar — Giolra. 

A tall leafy herb, i. 2-3.6 m. high, found in tem- 
perate Himalayas from Kumaon and Garhwal to 
Sikkim, Khasi and Aka hills and Manipur (Assam) 
at altitudes of 1 ,2 (m)-3,o(X) m. Bulb oval and broadly 
ovate ; leaves cordate ; flowers fragrant, large, funnel- 
shaped, waxy white with inside of tube purple, out- 
side often shaded green, in terminal racemes. The 
leaves of the plant are used in external applications 
for wounds and bruises (Kirt. & Basil, IV, 2521). 

L. wallichianum Schult. f. 

D.E.P., IV, 640 ; FI. Br. Ind., VI, ^49 : Kirt. & Basu, 
PI. 977 - 

Hindi -Eindora. 

Lushai Badai. 

A tall slender herb, 1.2-1.8 m. high, found in 
western Himalayas. Nepal. Lushai hills. Manipur 
(Assam) and hills of S. India at altitudes of 300-2,400 
m. Bulb globular or slightly oval ; leaves linear to 
elliptic-lanceolate ; flowers solitary, large, trumpet- 
shaped, horizontal, creamy while tinged golden 
yellow at base inside and green outside, sweet-scented. 
I])ried bulb scales possess demulcent pro|)erries and 
arc used like salep in pectoral complaints (Kirt. & 
Basu, IV, 2522). 

L. loufrlflorum ’'Huinb. (Easikk Lily, Tri^mpkt 
Lily) is a stout, smooth herb, 0.3-0.9 m. high, native 
of China, Japan and Formosa and cultivated in 
many countries, including India, for its flowers 
which arc u.sed as offerings particularly during 
Easter. Bulb oblate or nearly globular, white or 
yellow : flowers trumpet-shapeil, (leliciously fragrant, 
waxy white, often tinged green near base. A starch 
of high (piality is extracted from the bulbs. The starch 
(amylose, 34%) contains: moisture, 8.74: ash, 0.37 *, 
fat, 0.27 : and protein, 0.04'!^) ; it resembles potato 
starch in granule size, gelatinization temperature and 
X-ray pattern (Bailey, 1947, II, 1865, 1867 ; Firmih- 
ger, 316: Gopalaswamicngar, 496: Chem, Ahstr,, 
1944, 38 , 1 137 : Radley, II, 341, 348). 

L. ti^rinum Ker-Gawl. (Ti(;kr Lu.y) is a tall stout 
herb, 0.6 1.2 m. high, native of China and Japan and 
cultivated in Indian gardens. Bulb spherical, white 
or pale yellow ; flowers ])right salmon red spotted 
purplish black. The bulbs of the plant are eaten. 
Analysis of fresh bulbs gave the following values: 
water, 71.46: protein, 4.51 : fat, 0.24; carbohydrate, 
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21.60 ; crude fibre, 1.04 : and ash, 1.15'X. (Bailey, 1947, 
II, 1870; Firminger, 317; Gopalaswamicngar, 496 ; 
Porterfield, Ecotu Bot., 1951, 5 , 26). 

The hiilhs of L. tigrinum are considered useful for 
relieving heart disorders, pain in the cardiac region 
and angina pectoris ; the effect is slow. The flowers 
are used for ovarian neuralgia. They strengthen eye- 
lid muscles and arc recommended in myoptic 
astigmia (Stcinmetz, II, 275). 

Other species of Lilium commonly grown in Indian 
gardens for their flowers arc: L. auratum landl. 
(Goldfn-Raykd Lily) hearing large, deliciously fra- 
grant while flowers with yellow hand and numerous 
red or purple spots : L. martagon Linn. (Turk’s Cap 
Lily) with claret purple flowers spotted purplish 
black : L. ncilghcrrcmc Wight, found in Nilgiri hills, 
hearing delicately fragrant flowers with waxy seg- 
ments of rich hull colour inside, fading to cream, 
almost white at edge and faintly purple outside ; and 
L. regale Wilson with large, trumpet-shaped white 
flowers lilac pink outside and canary-yellow deep in 
the throat (Bailey, 1947, II, 1S68, 1870, 1873: Firmin- 
gcr, 317: Gopalaswamicngar, 496: Kohli, Indian 
Ilorl., 1958-59. 2 ( 4 ). 20]. 

The hulhs of L. nepalensc I). Don, found in the 
Himalayas from Simla to Bhutan, and L. auratum 
are edible. The hulhs of L. mart agon possess the 
same medicinal properties as those of L, tigrinum 
(Winton & Winton, II, 191 ; Kitamura in Kihara, I, 
93 ; Steinmciz, IT, 275). 

Lily — .see Lilium 

Lily, Blood — .see Haemanthus 

Lily, Ginger — .see Hedychium 

Lily, Painter’s Brush — see Haemanthus 

Lily, Spider — sec Hymenocallis 

Lily, Water — sec Nymphaea 

Lima Bean — .see Phaseolus 

Lime — .see Citrus 

Lime, Wild — see Atalantia 

LIMESTONE 

Limestone is the general term applied to the vari- 
able group of sedimentary deposits whose chief consti- 
tuent is calcium carbonate. Most limestones arc of 
organic origin and are formed from the debris of the 
skeletons of animals. During the weathering of rocks 


by various eroding and corroding agencies, calcium 
is leached out in the form of soluble salts and the 
solution seeps into the earth and passes underground 
or is drained into the sea, later to he deposited as 
calcium carbonate. Travertine and tufa are sedimen- 
tary limestones deposited by cvaporalion-tlepositions 
around springs and streams : stalactites and stalag- 
mites found in caves arc formed by a similar process. 
Soluble lime salts drained into the sea are utilized 
by corals, Foraminifera, molluscs, echinodenns or 
other marine organisms which build up considerable 
masses of limestone. Depending on the source orga- 
nism, limestones may he distinguished as shelly, 
coralline, crinoidal or luimmulitic. Skeletal struc- 
tures are almost pure calcium carbonate and are 
fre(|uenlly found intact in chalk and marl. 

("ah areous .sediments seldom occur as pure calcium 
carbonate. More usually they are contaminated with 
argillaceous, siliceous or ferruginous impurities. 
Conditions of pressure, temperature and solvent 
action to which the sediments are suh.sefpiently ex- 
posed largely influence the degree of consolidation 
and cementation or suhse(]ucnt crystallization as 
carbonate of lime. They are also suscepiil)le 10 chemi- 
cal changes. In soft marls and chalks, calcareous 
particles arc loosely cemented ; in marble, consolida- 
tion and metamorphosis have jjroceeded far. Many 
limestones lie between these two extremes. Exposure 
to solutions rich in magnesium salts leads to the re- 
placement of calcium by magnesium. 

Dependiivg on their phy.sical appearance, lime- 
stones are massive when they arc crystalline and 
compact, .saccharoidal when granular, lithographic 
when even-grained and compact, oolitic when com- 
po.sed of minute spherical concretions and pisolitic 
when the concretions are large, about the size of a 
pea. 

In the pure crystalline form, calcium carbonate 
occurs as calcite, aragonite and Iceland spar. Crystal- 
line limestone wdiich has been metamorphosed, 
either dynamically or hy contact with igneous intru- 
sions, and capable of taking high poli.sh, is designated 
as marble. 

Limestone containing less than 5"., magnesium 
carbonate is known as high calcium limestone : it is 
classified as magnesian limestone when the magne- 
sium carbonate content exceeds 5%. Calcareous rocks 
containing 30-40% magnesium carbonate are known 
as dolomitic limestone ; those containing more than 
40% are classed as dolomite. Table i gives the charac- 
teristics of different limestones. 
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TABLE l-DlSTINCnVE CHARACTERISTICS OF LIMESTONES* 


Calciic 


Ili^h calciiiin 

litlU'MOMC 


Hydraulic 

limestone 


Katikar 


CTVSfalliiif, rhombolicdral ; may be of various 
colours due lo impurities ; pure transparent 
\ariety is Iceland spar 

Massive deposits laid d(»\vn as compact beds 
containing ^0 y9"o calcium carbf)nate ; colour 
while, yellow, bluish grey, reddish or black ; 
magnesium carbonate, less than 5% 

Impure limestone containing 10-14% of clayey 
impurities which sets under water alter igni- 
tion ; used extensively in cement manufacture 

Small nodular lumps composed of calcium 
carbonate within and a mixture of clay and 
calcium carbonate outside ; occurs within 
2 -5 ft. from surface in the form of ill defined 
beds in older alluvium 


Chalk 


Marl 


Travertine or 
Tufa 


Stalactites 


Stalagmites 


Soft, white or greyish earthy mass, composed of 
microscopically small remains of Fnramini- 
fera 

Soft calcareous deposit mixed with clay and 
sand ; often contains fragments of shell or 
other organic remains ; calcareous matter 
ranges from 20 to 50 

Deposited in the form of ptirous blocks near 
springs or rivers in jilaces where waters carry 
enough calcium bicarboiuite in solution ; 
pale grey or dirty white 

Crystalline, transparent to nearly opaepje cylin- 
ders or cones hanging from roofs of caverns ; 
white to yellowish browti or grey ; formed by 
evaporation of calcium bicarbonated water 
dripjiing through roof 

Deposits on floors of caves, usually conical in 
shape ; cones sometimes rise to meet stalac- 
tites above 


♦Kraus ct «/., 29.V, Dana, 514; Coggin brown &[ Dey, .321. 


TABLE 2-PHYSlCAL PROPERTIES OF LIMESIONES 



Oushiii}; load 
(tons sq. ft.) 

Wt./( u. ft. 
(Ib.) 

Chnlk 

72.0 162.1 

1.U.7 166.0 

Oolites 

90.0 552.6 

126.3 156.3 

Magnesian limestone 

278.0 591.9 

132.2 145.4 

C'a rbti n i f c ro u s 1 i n k-s to n v 

H06.0 

I.SS.O 

Saiulstonc 

5.^0.0 H61.9 

I3S.6-I5S.0 

(iranite 

959.9-1,207.7 

1.SS.5-I6I.7 


Most limestones are soft enough to he scratched 
with a knile : their true sp. gr. varies from 2.2 to 
2.9. When free from impiiriiies, limestones are white, 
hut tliey generally contain small (|uantities of other 
minerals which alTect their colour. Iron oxide imparts 
retl, yellow or brown colour ; carbonaceous and bitii- 
mint)iis impurities make ^hem bluish grey or black. 


The strength, density, porosity and texture of 
limestones vary considerably, depending upon the 
impurities and moisture content, even in the same 
deposit. Massive limestones generally used for build- 
ing construction possess considerable compressive or 
crushing strength (i,4oo-'8,30o Ib./sq. in.). Tabic 2 
gives the physical properties of different limestones ; 
the corresponding properties of sandstone and granite 
are given for comparison. 

Limestone is almost insoluble in water; it reacts 
readily, effervescing briskly, with dil. acids. On heat- 
ing to 800-1,000®, it loses carbon dioxide and is con- 
verted to (|uicklimc (CaO) ; when heated to very 
high temperatures, it incandesces and glows with an 
intense white light, a property utilized in certain 
forms of limelight illumination. High calcium lime- 
stone on calcination yields rich or fat lime (J>5% 
foreign matter) ; impure limestones yield poor or 
lean lime (10-30% foreign matter). Quicklime swells 
up in water with the evolution of heat and crumbles 
to a white powder, known commonly as slacked lime 
|Ca(()H)a|. Limestones containing clayey matter 
yield hydraulic limes, i.e. limes which set or harden 
under water ; those containing 15-30% clayey matter 
produce highly hydraulic limes and limestones with 
5-10% clayey content yield feeble hydraulic lime. 

Siliceous matter, other than clay, may occur in 
limestone as sand, i|uartz and flint, and in combined 
state, as felspar, mica, talc and serpentine. Small 
c|uantitics of silica do not affect the utility of lime- 
stone for lime production ; however, if present in a 
concentration of 5% fir more, silica reacts with cal- 
cium oxide to produce fused silicates. For metallurgi- 
cal and chemical uses, limestone should contain less 
than 5Vvi alumina and 3';o silica. 

The presence of iron, sodium and potassium com- 
pounds seldom* affects the utility of lime for its 
various applications. Sulphur and phosphorus com- 
pounds are, however, objectionable : limestone requir- 
ed for fluxing in iron and steel manufacture should 
not contain more than 0.05% sulphur and 0.02% 
phosphorus. Table 3 gives the analysis of some of the 
important limestones from different areas in India. 

Indian limestones belonging to Vindhyans — 
Kurnools, Bhimas, Palnads and Sullavais, which are 
all known to he Upper Puranas, contain 70-95% 
CaCOs and 1-3% MgCO., with very little iron 
(Table 4) : the insolubles are usually alumina and 
silica. They are extensively used in the manufacture 
of cement. Cuddapah limestones are more magne- 
sian and are unsuitable for cement manufacture. 
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TABLE 5-COMPOSlTlON OF INDIAN LIMESTONES* 



Calcilc 

Chalky 

limcstfiiu’ 

Ariyalur) 

Marble 

(Makrana) 

CaO 

55.60 

54.42 

.S.S.l 

Loss on ignition 


41.70 


SiO, 


2.09t 

0.98 


nil 

0.43 

2.28 

Al/), i 


0.55 


MgO 


0.28 

0..S8 


traces 

0.32 


S 


0.47 



* Rijnwai, ('hem. ItuHut 1957, 8, i76. 


TABLE 4— ANALYSES OF LIMESTONES FROM DIFFERENT 
STRATIGRAPHIC HORIZONS 



CaCO, 

MfiCO, 

Vindhyans 

Sullavais 

86.4-88.2 

0.,S0 1.01 

Hhimas 

84.8 88.0 

0.50 1.70 

K')htas 

84.0 

< 3 

Palnads 

81.0 85.6 

0.97 1.05 

Takaria (M.P.) 

96.16 

1.51 

Kailaras (M.P.) 

84.18 

0.82 

Shahabarl (Bihar) 

82.94 

3.89 

Cuddapahs 

Vcmjjalle 

49,58 50.90 

29.97 .^.8.45 

Pakhals (inart)lc) 

.S5.6 58.2 

26.20 39.14 

Pakhals (grey) 

75.8 

21.6 

Pakhals (yellow) 

78.1 

21.2 

Pakhals (white) 

96.7 

2.5 

A rchacans 

Khalari (Bihar) 

78.,S4 

5.85 

Birmitrapur (Orissa) 

90.22 

4.37 

I .an jiberna (Orissa) 

89.15 

4.31 

Archaean limestones 

have properties 

similar to 


Vindhyans. 

1 )lST*HIBU I'lON 

Workable deposits of limestone are widely distri- 
buted in India. The occurrences may be considered 
under four groups, vi/. northern (Himalayan), central 
(Vindhyan), southern central (mainly Cuddapah) 
and extreme southern (early Pre-Cambrian and also 
Cretaceous). ^ 


Coralline 

Miliolitc 

T'ufa 

Shell 

Flux lime- 

limestone 

limestone 

(Chuna- 

(Kf>ttayam) 

stone 

(Saiirashtra) 

(Porban- 

(lar) 

khan) 


(Birmitrapur) 

52.95 

54..SO 

.54.16 

55.40 

50.55 

45.25 

42.80 


44.10 

41.43 

0.24t 

1.51t 

1.20 

0.03 1 

3.36 

0.06 

0.22 

1 0.40 

0.07 

0.91 

0.12 

0.53 

I 

0.19 

0.64 

0.26 

0.83 

(I.S7 

0.03 

2.09 

<0.01 

0.06 


0.03 


0.18 

0.07 


0.05 



I liR-liicic acid itisolul)lcs. 


'I'he northern (Himalayan) group comprises 
deposits of widely different ages, from Pre-C'amluian 
to Tertiary, and extends from Assam to Punjab. 
These deposits are relatively recent, although they 
include cores of ancient crystalline marbles. The 
reserves are vast, hut due to their occurrence at high 
altitudes they are not exploited at present. 

The central (Vindhyan) group comprises the most 
valutdilc economic deposits. Massive and almost con- 
tinuous exposures for c. loo miles stretch from Dehri- 
on-Sone (Bihar) via Rohtas (U.P.) to Rewa (Madhya 
Pradesh). A large number of the deposits yield lime- 
stone rich in silica and therefore unsuitable for 
metallurgical purposes : they arc eminently suited 
for cement manufacture. South of the Vindhyan 
group in the eastern region, valuable deposits of Pre- 
C!!ainhrian age occur in (.)rissa. 

The southern central (Cuddapah) group comprises 
deposits forming a broken line extending westward 
across the Peninsula from the east coast to western 
ghats. The limestones arc suitable for cement manu- 
facture. 'riiere arc few deposits of economic impor- 
tance in the central part of the Deccan Peninsula. 

Occurrences of limestones of Pre-Cambrian and 
Cretaceous origin are widespread in Madras State 
and adjoining area : some of the de])Osits are of very 
high quality. 

ANDHRA PRADESH 

Cuddapah Kurnool districts — The Vemj)alle 
limestone of Lower Cuddapah age extends in a wide 
arc, 1-4 miles wide, for c. 175 miles across Cuddapah 
and Kurnool districts, from near Cuddapah town 
through Vcmpalle, Pulivcndla and Parnapalle to the 
neighbourhood of Betamcherla in Kurnool. Much of 
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ihc limestone is dolomitic. I’lie Narji limestone 
follows a straight trend in tlic north-west direction 
from a point near Ciiddapah, across the two districts, 
tliroiigh lianganapalle to Timgabhadra river and 
heyond. 

The reserves of cement grade limestone arc practi- 
cally unlimited ; the estimates arc: 640 million tons 
in Kamalapiiram taluk, 3,000 million tons in 
[ammalainadugu taluk (Ctiddapah dist.), 5 ,ock) 
million tons in Koilkuntla, 660 million tons in 
Banganapalle, 450 million tons in Dhone, 1,250 
million tons in Kurnool and 770 million tons in 
Nandikotkur taluk (Kurnool dist.). Other limestones 
of younger age than Narji stone also occur in these 
regions (Ooggin Brown & Dey, 331). 

Massive high calcium limestone suitahlc for cement 
manufacttire and, in some cases, for chemical indus- 
try, are found south-east of Kurnool lowm, near 
Nandyal, Paniam, Beiamcherla and other places. 
Lithographic stone of good (piality is available in the 
'l'ungahha<lra valley in Kurnool and in Nandyal 
taluk. Large deposits of tid’aceous limestone occurs 
near Nandavaram, Palkur and Dronachalarn in 
Kurnool dist. Kankar deposits are widespread and are 
worked for local use at several places (Krishnan, 
Mem, ^coL Surv. liidia, 1951, 80 , 178). 

Krishna & Guntur districts Limestone deposits 
occur extensively on both sides of Krishna river in 
the Palnad region of Guntur and in jaggayapeta- 
Mutyala area of Krishna dist. The river between 
Amaravati and Warapilli dow's largely through lime- 
stone. The deposits include light to dark grey (lags 
and building and ornamental stones of various 
colours. Limestone of greenish colour is found near 
Pulichiuta on the right hank of the river ; the deposit 
extends towards Cuchillahodc where it becomes 
flaggy. 'Hr* reserves of cement grade limestone near 
Jaggayapeta have been estimated at 269 million tons. 
Fairly large deposits arc also found near Pidtiguralla 
(on (hintur Macherla branch line). Lithographic 
limestone occurs in jaggayapeta area near Konda- 
pilli (ifF37': 80^33') and Betavole (i6"53'3o" :8o"6'), 
and also near (diintapalle (i6°42': 80^9') on Krishna 
river. 

Large de|)osits of compact, suh-crystallinc. fine- 
grained limestone of variegated colour re.sembling 
marble are found in the Palnad tract covering Nadi- 
kudi, Rentichintala, Dachepalle, Kesanapalle, Udda- 
lur, Sitaramapuram and parts of Macherla suh-taluk : 
the re.serves in two deposits in Macherla suh-taluk 
alone arc estimated at 124 million tons. Good 


lithographic limestone is also found near Dachepalle. 
Kankar is widely distributed in Guntur dist. parti- 
cularly in the black cotton soil tracts (Krishnan, 
Mem. freol. Surv. India, 1951, 80 , 176: Indiati 
Ceram., 1956 57, 3 , 372 : Bijawat & Sastry, 60). 

Other districts -VempMc and Jammalamadugu 
limestones are found in Tadpatri and Gooty taluks 
of Anantapur dist. In the former taluk, high grade 
limestone occurs below hill scarps north and east of 
Kona Rameswaraswami temple, 10 miles from 
Rayalacheruvu railway station. Also, calcareous 
shales and intercalated limestones of the Cheyair 
group have given rise to kafikar and tufa, with lime 
averaging 38.85% and magnesia, 8.46% (Bijawat & 
Sastry, 55 -5v') : Coggin Brown tV Dey, 332). 

The Kurnool limestone, as well as the limestone 
underlying Cuddapah system cross over from 
Kurnool dist. to Alampur taluk of Raichur dist., 
wdience they extend for 150 miles along the north 
hank of Krishna river ; Cuddapah exposures con- 
tinue to the east. Limestone occurs also in Wazira- 
had-Medlacheruvu region of Nalgonda dist. (Coggin 
Brown & Dey, 332). 

Limestone occurs in Asifahad and Karimnagar 
districts of the former Hyderabad state. In Asilahad 
(list., deposits have been located at Mankigudem, 
Rail forest and near Empally village in Sirpur taluk. 
The lime produced in this area is used for causticiza- 
tion in paper mills and also for other purposes. In 
Karimnagar di.st., high grade limestone occurs in 
Narclla and Putnur. West of Hyderabad town, the 
Bhima limestones emerge from below the Deccan 
Trap in the Bhima and Kanga river valleys. LiitR"- 
stone of Bhima series is an important source of chemi- 
cal and building lime ; it analyses to : CaO, 48.2 -50.0 ; 
COa, 37.64-37.6ii; SiOj and acid insolubles, 10.30- 
10.47 ’ ignition, 38.85 39.05 : available lime 

at 900®, 62.54-68.89% (Bijawat & Sastry, 50, 54). 

Limestone occurs also in Adilahad, Visakha- 
patnam, jeypore, and in Fast and West Godavari 
districts. 

ASSAM 

Nummiditic limestone occurs as discontinuous 
hands varying from 20 ft. to 7(X) ft. in thickness along 
the southern wall of Garo, Khasi, Jaintia and Mikir 
hills: Tlic limestone in Shillong plateau forms the 
well known Sylhet limestone stage of the Jaintia 
series and overlies the coal-hearing strata : it is of 
cement and flux grade. Limestone from Khasi hills 
contains 53.86-54.28% calcium oxide ; that from 
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Gam hills 50.30%. Limestone also occurs at Chcrra- 
piinji and in North Cachar hills IDutt, Indum Min. 

1957, 5 (10), 32 ; Bijawat, C/icm. /Igc, India, 
• 957 . *> ' 761 - 

In Garo hills, prominent exposures of limestone of 
5()-3(X) ft. thickness occur in the southern part of 
Tura range. The deposits await detailed investigation. 
In the Khasi hill section, the limestone extends from 
Lamgaon (25® 10' 191 '’51') westwards through 'fherria- 
ghal to iSheela river. The total thickness of the 
limestone in this area is over i,(X)o ft. The reserves 
between Therriaghat and Sheela river are esti- 
mated at 1,000 million tons of high grade limestone. 
Therriaghat limestone contains: CaO, 54.28 and 
SiOa, 0.57%. Limestone occurs also west of Sheela 
river in the Nawswayram and Lumgrim (25° ii': 
91 ”07') areas. In Jowai suh-division of the Khasi - 
Jaintia hill (list, good (|ualily limestone (CaO, 51 ; 
MgO, I : insolubles, 3".,) has been recorded at 
Lnmshong (92^23' : 25° 10'), Garampani (92*^37' : 
25"3i'), Nongklih (92'’32': 25°2o'), Syndai (92'^/: 
25“ii') and a few other places. The reserves in this 
subdivision arc of the order of 25 million tons. 
Limestone of good (|uality occurs in the northern 
part of Mikir hills bordering Nowgong and Sihsagar 
districts between latitudes 25"45' and 26^5' and 
longitudes 93” 10' and 93"4o'. The reserves in this area 
are reported to he 154 million tons |Nath, Indian 
Miner., 1959, 13 , 310: Bijawat, Clieni. Age, India, 
19^7, 8, 176: Dntt. Indian Min. ]., 19^7, 5 , (10), 

lUllAK 

Bihar is the largest limestone producing State 
in India. 'I he most important deposits occur among 
Vindhyan formations in Shahahad dist. They are 
traceable for about 45 miles in Bihar and extend 
westward into Uttar Prailesh along the slopes of 
Kaimiir hills. Prominent outcrops of limestone are 
near Banjari (24''4i':84"o'), Rohias (24"39':83''59'). 
Kaoriari (24'^‘4i ' : ^3^54% Baulia (24° 16' : 83°54'), 
Baraicha (24^^39' : 83°52'), Chunhatta (24“36':83''52% 
Ramdhira-on-Sone (24^46' : 84^2'), Dhanauti (24'’ 36': 
83°5 i'), Birki (24"3i';83“4()') and Domarkhoka 
(24''32':83°3p). Of these, the deposits in the Banjari- 
Rohlas, Banlia-Chunhatta-Dhanauti and Birki- 
Chapla areas are of high grade and also contain flux 
grade limestone. The first two areas are being 
exploited at present to feed the cement factories 
IJacol) & Mahadevan, Indian. Min. /., 1957, 5 (i()), 53 ; 
Nath, Indian Miner., 1959. 13 , 306]. 


In Palamau (list., extensive deposits of limestone 
occur in isolated patches over a /one extending nearly 
east-west, from near Ramgarh to Khalari and near 
Daltonganj. Important among the deposits are those 
near Bakoria (20 miles oil Daltonganj) and Banpahar 
")» Harhipahar (23”56':83”57') and 
Chauparia (23'^5S' ; 83^57') where the limestone forms 
a group of small hills, (iood (juality fiux grade lime- 
stone, belonging to the Kajrahat stage of the 
Vindhyan system, has been reported at Chapri 
(2 o'" 24':S3'^’34^) and Bajeloli (24'’24^ : S6'^36'3o'') about 
35 miles from the (iarwa Road railway station (Nath. 
hidian Miner., 1959, 13 , 3 <) 6 ). 

Limestone of the Kolhan series occurs over a belt 
of c. 30 miles extending from Chaihasa (22”33': 
85"48') to [agannaihpur (22° 12' : 85 '^’39') in Singh- 
hhum (list. The calcium oxide content of Kolhan 
limestone averages 50.58**,,. Limestone also occurs in 
the dc|K)sits at Putada springs (north of (’haihasa). 
Lota Pahar (22^37' : 85"34'), (ihatkuri (22" 18' : 85'^’24') 
and Patang (22^^23': 85^24') (Khedker, 139). 

In Hazarihagh dist., a limestone zone striking east- 
west occurs in Bundu -Basaria area (23^40' : 85'' 23' 
85^26') in Ramgarh estate. The reserves of crystalline 
limestone of cement grade in the area are estimated 
at 3 million tons. In the same region, two more zones 
are reported, one in Kurkuta-Religara (23^43' : 
85''2 i'- 85"22'), and the other in Lapanga-Bhur- 
kunda-Kursa (23^38' : 85''’ 21') ; the reserves in the 
former zone are reported to he large. Limestone of 
good (piality occurs also in the Ilosir Bachra 
Dundu -Ray (23^40' : 85^3' -85‘^7') region (Indiaii east. 
Efiirr, 1953, 112 , 569: Khedker. 141). 

A crystalline limestone hand covering a distance of 
(. 3% miles with an average width of 250 ft. occurs 
near Puma Ray (23'’4o' : 85'’3') partly in Ranchi dist. 
and partly in Hazarihagh dist. Samples from the 
hand analysed to CaO, 45.85-50.34'*,, and MgO, 5.05- 
8.12",,. In Ranchi dist., a limestone zone occurs with 
an east west strike in Bahhane-Hoyar-Khalari 
(23"38'-23"4 o':85°(k/ 85^04') region: towards the 
Khalari end, limestone is (piarried in Bagda, Salhan 
and Benii villages for supplying cement factories ; 
the lime content of the deposits averages 45.60'*,, 
(Banerjee, Quart. J. geo/. Soc. India, 1956, 28 , 149). 

Ol'JAKAI 

Tn Banaskantha dist., crystalline limestone occurs 
in considerable (luaniiiies near Khunia (24"22'3(>' 
72^41'), Pasuval (24^28': 72^22'), Diwania (24“22': 
72''4i') and Karamudi (24^22': 72°46% The reserves 
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at Pasuval and Diwania arc estimated at 8-9 million 
tons within a depth of 100 ft. The limestone is suit- 
able for use in cement, chemical and metallurgical 
industries (Roy, Induni Miner., 1956, 10, 103). 

In Broach dist., large deposits of massive limestone 
of variable composition occur near Vanji (2i°54': 
73^8'). Gora (21^52': 73°4i'), Bhilod (2i°36';73°i2'), 
Bharan (2i®3o':73®2') and several other localities. In 
Kaira dist., a limestone bearing strip, c. 16 miles long 
and 2 miles wide, occurs near Balasinor (22^58': 
73®2o') : the reserves are estimated at 800 million 
tons : c. 200 million tons arc of cement (piality. 

Limestone also occurs in Baroda, Sabarkantha, 
Dang and Surat districts. 

Calcareous marine formations are found along the 
Kathiawar coast from Dwarka to Veraval in the 
south and Malia in the north. The best known deposit 
is in the vicinity of Ranawao in Porbandar dist. The 
limestone (CaCO.,, c. 96%) is composed chiefly of the 
testa of Foraminifera cemented by calcite. It is 
ijuarried at Aditania (2 1 ^43' : 69^44'), Bharwada and 
Bakharla for use in building, chemierd and cement 
industries. 

Extensive deposits of miliolitc limestone occur in 
Gondal tlist. and are quarried around Jat, Patanwao, 
Zinjuda, Upleta and Paneli. The chips are used in 
chemical works at Kharaghoda, Dhrangadhra, 
Ahmedabad and other places. 

In Amreli dist., high calcium rniliolite limestone 
occurs in the coastal area around Kodinar and 
Okhamandal. The limestone from Adivi, Dholasa 
and llarmaria in Kodinar area contains, on an 
average, 93% calcium carbonate. Coralline deposits 
are found along the coastal margin of Okhamandal. 
They are being utilized by Tata Chemicals Ltd., 
Mithapur. 

In Junagadh dist., rniliolite limestone occurs 
around Veraval (2o°54': 7o°25'), Patan (20^53': 
7o°27'), Gorakhmudi (20°54'2o" : 7o®34'4o"), Prachi 
(20” 55'2o" ; 70^39') and many other places. The 
deposit in Gorakhmudi is c. 1 mile long and 2 
furlongs wide. Pure limestone (CaCO^, 96-97%), suit- 
able for chemical purposes, is found in the coastal 
area around Veraval (Roy, 1953, 162). 

In Gohilwad dist., extensive deposits of rniliolite 
limCvStone of cement quality occur near Jafrabad 
(20®52':7i°22') within the limits of Babarkot (20° 52': 
71^24'), Bhakodar (20^54' : 72^27') and Vand (20^54': 
7i°25') to the cast of Jafrabad, and between Jafrabad 
and Balana (2o°5i': 71® 17') on the south-west: the 
total reserves in both areas amount to 64 million tons. 


In the former Navanagar state, rniliolite limestone 
occurs in numerous localities. The limestone from 
Gop area is used by the Digvijay Cement Works Ltd., 
Sika, for the manufacture of cement. Occurrences 
have also been reported in the former Bhavnagar, 
Morvi and Limbdi states. 

In western Kutch, Tertiary limestone deposits 
cover an area of c. 150 sq. miles (latitude 23^20'- 
23^45' : longitude 68°32'-69°o% The limestone occurs 
as massive outcrops, the thickness of beds varying 
from 65 to 310 ft. Much of the mineral is suitable 
for cement manufacture. Reserves have not yet been 
assessed |Poddar, Rcc. geo/. Surv. India, 1958, 88 

(l), I2l|. 

HIMACHAL PKADKSH 

In Sirmur dist., extensive deposits of limestone are 
found in Lower Giri valley. Fine-grained light grey 
limestone of cement grade (CaO, 49.51%) occurs near 
Sataun (30^34' : 77 °38'3o") between Bhatrog (30^33' : 
77^40') and Kyari (30^34' : 77 °34'3o") ; the reserves 
in these deposits are estimated at 14 1 million tons. 
In the same area, siliceous limestone occurs along the 
path from Sataun to Poka ; white crystalline lime- 
stone occurs at Naura (30^49': 77 ®25'3o'% Bhangari 
(3o°47':77‘’24V') and Jarag (3o°so' 

Limestone zones have also been located near Barthal 
(30*33' :77°26')* Tina (30°33' = 77*24'). Kansar 
(30*33': 77*29'). Khair (3o°34':77°3i') and Bakan 
(3^^°34"* 77°3^% 1*1 Kansar area, the reserves of 
cement grade material are estimated at 17 million 
tons up to a depth of 300 ft. |Nath, Rec. geo/. Snrv. 
India, 1950, 83 (i), 140; Dutt, ibid., 1954, 85 (i), 7o|. 

In Mandi dist., fairly extcn.sive occurrences of 
dolomitic limestone are found underlying the salt 
bed. Chemical grade limestone (CaO, 52.62%) occurs 
near Malan above Harabagh (Dubey et ai. Quart. J. 
geol. Soc. India, 1949, 21, 43). 

In Mahasu dist., limestone of cement quality occurs 
at Khadli and Kakkarhatti |Raina, Rec. gcol. Surv. 
India, 1954, 85 (i), 70]. 

JAMMU & KASHMIR 

Large limestone deposits are found in Jammu & 
Kashmir in practically every geological formation. 
The Pre-Cambrian Salkhalas contain crystalline lime- 
stone generally dolomitic. Lenticular limestone bands 
are sjccn in Cambrian and Ordovician ; and yellowish 
impure bands in the Silurian ; limestone beds also 
occur in the Zewan scries, Upper Trias and Eocene. 
The Great Limestone of the Riasi area in Jammu 
province is mostly dolomitic. 
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Triassii: limcsioncs arc the most important Irom 
the point of view of distrihuiion, extent and (piality. 
The lime (ClaO) conient of most of them varies 
hetvveen 43 and 52';». ; the magnesia (MgO) 
content is helow 2'/;,. In Anantnag dist., reserves of 
34 million tons liave been proved in the Verinag- 
Zamalgam Tserkar-l)orn--Naiipura belt. Massive 
deposits have been located near Acchil)al and Bawan 
in the same district and near Bandipura, Ajas, 
Gimd-i-Siidarkiit, Birii and Sonamarg /oji La in 
Baramula (list. Sizable occurrences have also been 
found in Vihi valley | Mehta, hulitni Min. i(;57, 
5(10). 61 1. 

KERALA 

Shells (C^aC). 54.5-55.4 V..) constitute the most impor- 
tant source of higii grade lime in the State : they are 
found in Vemhimad lake area, between Koitayam 
and Alleppey. The reserves are estimated at 2 million 
tons (Bijawat tV Sastry, 67 ; Macedo, 4g). 

MAUIIVA 1»KAI)ESII 

lameslone deposits in Madhya Pradesh are exten- 
sive. '1 he Vindhyan limestone forms a hand run- 
ning from Jabalpur to Satna ; Cuddapah limestone 
occurs in Raipiir-Bilas|)ur area. 

In Jabalpur (list., extensive deposits of limestone 
are found in Kami Murwara and Jukehi-Kymore 
areas, the more important among rliein are located 
at Murwara (23''5(^' : So”24'), Tikaria (23"4(/ : So"’23'). 
Bistara (23“5S' : So'^2S'), Bargama (2 V'5n' : 8o'’23'), 
Amehta (24''o' : So''35'), Khandra (23'"35' : 8o"7'), 
Jukehi (23'’5(;' : 8 o" 26') and Kyinore y/). 

The limestone of Bistara and Amehta is suitable for 
calcium carbide manufacture. Large deposits of 
marble of good (pialilv cccur as hills near Jahal|nir ; 
they are collectively designated as the ‘Marble Hocks' 
|l)utt Cdiatterji, Rcc. gcc;/. Sun.\ Indw. 1954. 84 

U). 3 f> 7 |- 

The Vindhyan limestone in the Katni-Saina area 
is extensive : it is over too miles long, many miles 
wide in certain areas, and 25-40 ft. deep. The (juality 
varies from high calcium limestone in the direction 
of Jabalpur to high siliceous stone (Si, 8-15", ) in the 
area around Satna (Macedo, 58). 

In Raipur and Drug districts, extensive deposits of 
massive and llaggy limestone occur in discontinuous 
patches between Barondha (2i'’5' : 82“3') and Siikhri 
(21" i'; 80^54'), over a distance of about 80 miles. The 
limestone is low in magnesia. In Rai|)ur (list., (piarries 
are located c. 2 miles from Raipur town on the 
Kahadeoghat road, just east-north-east of Khushalpiir 


village (21 '"13': 81^37'), relihandha area, and near 
Birgaon (2i"i8':8L38'). The estimated reserves in 
Raipur dist. are 17.2 million tons. In Drug (list., Ilux 
grade limestone occurs at Meresera, Deorjhal, Bhan- 
puri, Nandgaon and Nandini regions. The reserves 
of Ilux grade limestone in Meresera and Deorjhal 
are estimated at 20 million tons and 65 million tons 
respectively. In Nandgaon, limestone band stretches 
for c. 30 miles hetwi'en Khalawa and Arjuni. Exten- 
sive deposits of Ilux grade limestone occur at Nandini. 
about 16 .miles from Bhilai |C'hatlerjee. Rcc. 

Snrv. Itidift, i(;53, 84 (i). 87 ; Diitt, ibid., 1(^54, ^(3). 
392 : Res. cV /;zr/., i (/)<>, 5 , 188 : Indian Minerals 
Yearh., HJ59, 206 1. 

Extensive deposits of limestone suitable for use in 
metallurgical and chemical industries occur in Bilas 
pur dist. The major (Kcurreiues are found around 
(Johripai (22" 17': 81 "5(/), Maharpur (22" 15': 81^42'), 
Bankai Nawagaon (22'' 15' : 8 1 ”43'), Paraswara 
(22‘T3':8 i"5o'). Belpan (22‘^i2':8L'52'), Limha 
(22*^ 13': 81 "50'), Bijaipur (22'’ 13': 8 L’ 48'), and a few 
other localities. Disccjiitinuous patches of cement 
grade limestone are found in a zone beginning from 
near Birgahani (22" 1' : 82^38') and Darrahhata 
(22'’2':82‘’37') on the western hank of Ilasdo river 
right u|) t<> Akaltara (22*^ L : 82'’25') and Laiia 
(22'’ 1' : 82'’24'). I'lux grade limestone occurs over an 
area of h furlongs s(|uare near Mohtarn (22*^ o': 
82"" 1 7') ; the reserves are estimated at 10 million tons 
|Sinha, Ree. geo/. Snrv. India, 1954, 86(1), 107 : Chat- 
terjee, ibid., i(;5o. 83 (i), i4i|. 

In the former Madhya Bharat region, a hand of 
siliceous limestone (Lower Bhander) ocdirs for a dis- 
tance of c. 80 miles a( ross Morena, Shivpuri and China 
districts. Between Kailaras (26*^ k/ : 77''4o') and Palptir 
(25"^ 48' : 77" 1 2') the limestone hand rtins fore. 30 
miles in ap|)roxima(ely NE SW direction. Flaggy 
limestone of good ((uality occurs between Kailaras 
and Bakaspoora (26^" 15' : 77”3i') and also between 
Jwahirgarh (26"9' : 77''2o') and (hirhi (26* 7' : 77*^2 1') 
(Roy Ghowdhury, Hull. ^eol. Sure. India, Ser. A, 
No. to, i(;55, 44). 

In the Narmada valley area, extensive deposits of 
dolomitic limestone of the Bijawar formation occur 
near Burwaha (2 2 15' : 76° 2') and Barjar (22^' 22': 
76*^2'). The reserves within a radius of a few miles 
from Burwaha arc estimated at 215 million tons. 
Large deposits have also been recorded around 
Dharampur Pathra, Dhimarwan (24"" 26' : 79"’ 20') and 
Amronia |Roy Chowdhury, loc. cit. : C^hatterjee, 
Rec. gaol. Surv. India, 1(^53, 79 (i), 32 2 1 . 
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In Gird dist., exposures of eherty and siliceous lime- 
stone occur near Choura (26^06' : 78® i o'), Naigaon 
(26*^7' : 78°7'), Morar (26^ 14' : 78^13'), Old Resi- 
dency, Gwalior (26" 16' : 78® 1 1') and a few other places. 

In Mandasor (list., large exposures of Nimbahcra 
limestone occur near Jawad (24^36' : 74°52'), Niml)a- 
hera (24^37': 74^42') and a few other places. The total 
tliickness of the Nimhahera bed is c. 450 ft. ; reserves 
are reported to he practically inexhaustible. I/mie- 
stonc is cpiarried near Subakhera (24^32' : 74®52'), 
Khera (24^34': 74® 4(y), Kandkha (24^32' : 74^48') and 
Bisalwas (24^31': 74^48') for building purposes. 

In Jhabua and Dhar districts, nodular, coralline 
and lameta limestones arc found in the Man valley 
near Balwari and south and west of Bag. Extensive 
deposits of high grade Cretaceous limestone suitable 
for electro-chemical and cement industries also occur 
in the region. 

Travertine limestone deposits of higli purity 
(('aCOg, 94-<;<;%) occur in several localities in Indore, 
Shivpuri and Gird districts (Roy Chowdhury, Bull, 
geo/. Surv, India, Scr, A, No. 10, 1955, 53). 

In the Satna area, 3 bands of Ixiwer Bhander lime- 
stone occur, with calcareous flagstone on to[). The 
hand which yields the best material is found up to a 
depth of 30 ft. in two well-delined sections, one at 
wSatna (23‘"33' : 80^53') and the other at Mailiar 
(24 "i7':8o® 47'). Limestone t|uarries in the Satna area 
lie roughly along a line due E.NE-W.SW and 
extend from 24^38': 80^54' to 24^35': 80^47', the end 
workings being c. 7/2 miles apart. This patch forms 
only a part of the large limestone area mapped in 
this region. The Maihar group of (piarries lies along 
a line miles long in approximately NE' SW 
diret tion. The Satna deposit is over 2(X) st|. miles in 
area, and reserves are estimated at 12 million tons 
per s(|. mile |Eox, 43: Bijawat & Sastry, 28; Rci\ 
gf’o/. Snrv. India, 1950, 83 (i). 149]. 

Limestone deposits are also found in Bhopal, 
Chanda, lloshangahad and Betiil districts. 

MADRAS 

In Tininelveli dist., crystalline limestone is found 
in 14 l>ands, of which three occur near Ramayyan- 
patti (8”45': 77®4i'), miles from Tirunelvcli town. 
The total reserves in the district have been conser- 
vatively estimated at 0.45 million tons, of which the 
Ramayyanpatti bands account for 0.25 million tons 
(Krishnan, Mem. gcol. Surv. India, 1951, 80 , 191). 

In Ramanathapiiram and Madurai districts, three 
rich limestone bands occur within 10 miles of each 


other at Pandalkudi (9^23': 78® o'), Palavanattam 
(9® 33' : 78 °o'3o") and Chinnayapuram (9®28'3o" : 
7o®54'i5''). I hese deposits arc reported to contain, 
2.1 million tons of high grade limestone and 4.2 
million tons of poorer material within a depth of 
20 ft. Several bands of crystalline limestone arc found 
near Tirumal (9^43': 78®3') also. Two bands of lime- 
stone, one near Sunnambur (9”52'3o":78®i7'3o") and 
the other near Puvandi (9^51': 78° 18') contain one 
million tons of good (juality limestone. Limestone 
deposits also occur in Sattur ami Aruppukotiai 
taluks ; the reserves are estimated at 4.4 million tons 
(Krishnan, Mem. frcol, Surv. India, 1951, 80 , 189; 
Res. & hid., 1959, 4 , 212). 

Coral limestone occurs along the Ramanathapiiram 
and Tirunelvcli coast for a distance of 80-90 miles, 
extending for a few miles along the sea bottom. 
There are also more than 20 islands within 4 5 miles 
from the coast in the Gulf of Mannar from which 
coral limestone (CaO, 52 7 n) is (piarried. A deposit of 
shelly limestone occurs c. mile north of Rames- 
waram (9®i7'.*79®i9') : the reserves are estimated at 
80 thousaml tons. Coral limestone reserves in Rames- 
waram Island have been assessed at 5 million tons 
\Res. & hid., 1959, 4 , 212 : Krishnan, Mem. geo/. 
Surv. India, 1951, 80 , 196; Bijawat & Sastry, 65; 
Rcc. gf.*o/. Surv. India, 1954. *t)6|. 

In Tiruchirapalli (list., large deposits of massive 
limestone occur in lialgudi and Perambalur taluks. 
Nodules of chalky limestone are found near Karai 
(i i® 8':78®53') and a few other localities in an area of 
5“6 si[. miles. Shelly limestone occurs at Garuda- 
mangalam (i 78®55') and a few other localities. 
The reserves of clialky limestone and chalky clay 
within a depth of 10 ft. have been estimated at 1.5 
million tons. Three major bands of crystalline lime- 
stone occur near Tarakkampatti (io®42'3o": 

i4'3o"), Allinagaram (io®45'3o" : 78® 18') ‘ and 
Kiranur (io®47':78®i7') in Kadavur Zamindari in 
Kulittalai taluk ; of the total estimated reserves of 
544 thousand tons in these three bands within 10 ft. 
depth, more than half is said to be of high calcium 
grade (Krishnan, Mem. geol. Surv. India, 19^1, 80 , 
.82). 

In Salem dist., about 30 bands ol crystalline lime- 
stone occur in Tiruchengodc and Namakkal taluks. 
The largest of these is the Puduppalaiam (ii®25': 
77®47'3o") -Pulappalaiam ( 1 1 ®27' : 77"47'3o") band 
containing c. 176 thousand tons of limestone. White, 
grey and pink coloured calcite occurs near Sankari- 
drug (i i®28'3o": 77®52') in 'rirucheiigode taluk. The 
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total reserves in these taluks are estimated at 741 
thousand tons within a depth of 10 ft. (Krishnan. 
Mem, ifcol, Sttrv, India , 1951, 80 , 184; Bijawat & 
Sastry, 69). 

In Coimbatore dist., extensive beds of crystalline 
limestone occur in the hills near Madukkarai (io°54': 
7^”57 )• South Arcot <list., beds of shelly limestone 
and argillaceous massive limestone are found near 
Sedarainpattu (1 *”59': 79°450 other places. 

The total reserves in South Arcot dist. are estimated 
at 2 million tons. In Tanjorc dist., limestone occurs 
south of Alakkudi railway station (10^47': 79°4') and 
in some other localities (Krishnan, Mem. f^eoL Snrv. 
India, 1951, 80 , 188, 182). 

.MANIPITK 

Fine-grained and somewhat brittle limestone occurs 
in pockets in Ukhrul area near Lamhui (94*^17': 
25'' 1'), ITungdung (94° 2^30" : 25^4'), Shuganu (93°53': 
24‘^i7'3(/") and in some other places. The reserves in 
the area are estimated at 2.7 million tons of which 
2 million tons of high calcium limestone (CaO, 
^2.(;8'',,) are available near Hungdung and 0.5 million 
tons near Lamhui (CaO, 45.54%) jBanerjee, Rev. geo/. 
Snrv. India, 1949, 82 (i), 61]. 

MYSORE 

In Bijapur dist., large limestone ileposits of Bhima 
series suitable for cement and chemical industries 
occur between Bagalkot (16" 1 1' : 75*^45') and Kaladgi 
(i6®2i':75°3o'). covering an area of c. 30 sq. miles. 
The estimated reserves in Bagalkot taluk are 800 
million tons up to a depth of 15 ft. Another limestone 
de|)osit (CaO, 43.80-50.42%), partly lithographic, 
covers an area of c. 10 s(|. miles near Talikota 
(i6"28':76®i 8') : the reserves have been estimated at 
300 million tons. Extensive de|>osits of high calcium 
limestone occur in Mudhol taluk in a hand running 
from [.okapur (ih° 9 ' : 75'’^^') to Petlur (16° 14' : 75° 19') 
and thence to Mallapur (16^9' : 75” 19'). The reserves 
are estimated at several million tons [Mukerjee, 
Ree. geo/. Snrv. India, 1955, 79(2), 807 : Roy, 1951. 

9 o|. 

In Gulharga (list., limestone occurs near Maral- 
hhavi, Backenhalli and Shahahad. The Shahahad 
limestone is grey in colour (Bijawat & Sastry, 50). 

In Belgaum dist., higli calcium limestone occurs 
near Yadwad (16° 14': 75^11') and Manami (16® 11': 
75°ii') I Roy, Rcc. gcol. Snrv. India, 1950, 85(3), 309]. 

In Tumkur dist., extensive limestone occurrences 
are known at Kondli, Vohlapur, Dodguni and Vajra. 
In Chitaldrug dist., limestone deposits are found near 


Ilosdurga. In Shimoga dist., flux grade limestone is 
found near Bhadigund, 13 miles east of Bhadravati. 
These areas contain about 50 million tons of lime- 
stone, averaging CaO, 49 : SiO.^, 3 4 ; and MgO, 
2.8 'm (Coggin Brown & l)ey, 335). 

ORt.SSA 

In Sundargarh (list., flux grade limestone hands 
occur near Birmitrapur (2 2° 24' : 84^44') ; the hands 
extending over a length of 4 miles and a width of 
700-800 ft. cover both low plains and a group of 
hills: the deposits, belonging to the Archaean age, 
are associated with other calcareous and phyllitic 
rock. The reserves in Birmitrapur area up to a height 
of i(K) ft. in the hills and kk) ft. below, have been 
estimated at 274.6 million tons of which roughly 10% 
is of metallurgical grade. 

In Khatma Nala valley, a hand of good (piality 
limestone runs from one mile west of Ilathihari 
(22^24' : 84^51') to Deo river; the hand widens consi- 
derably towards the east of Catitangar (22*^24': 
84°54'). In Ilathihari area, the hill north of Bajnath- 
pur (22''24':85*'57') contains at least 1.5 million tons 
of flux grade limestone within a depth of im ft. 
Limestone of good (|iiality occurs in the northern part 
of the hand in Purnapani (22^25' :84°52') area; the 
reserves of flux grade limestone, up to a depth of 
100 ft., are estimated at (>48 million tons. In the 
Gatitangar area, exposures are found over a wide 
area on the southern side of Tikamtoli (22*^25'; 
84^54') and north and east of Kijurtoli (22^24' : 
84*^54') ; workable reserves up to a depth of 100 ft. 
have been estimated at 3.04 million tons of flux and 
cement grade mineral and 2.47 million tons of mate- 
rial suitable for use in blends with fluxing limestone. 
The txxurrence at Lanjiherna (22'' 15' : 84° 30') carries, 
up to 100 ft. depth, about 16 million tons of cement 
and flux grade material in the southern and northern 
parts of the deposit ; the reserves of flux grade lime- 
stone in the northern part has been estimated at 
4 milliim tons. The central part is not so payable. At 
Ludhkutoli (22® 15': 84*^25'), limestone occurs mostly 
under alluvium and c. 2 million tons of good material 
are reported to he available within a depth of 60 ft. 
Cement grade limestone occurs near Khatkurhahal 
(22® i 7':84°2</) and Amghat (22® 15': 84^37'). Flux 
grade and probably cement (jualily limestone is avail- 
able c. 5/2 niilc north of Katang (22” 14': 84°2(y). 
Limestone also occurs at Dublabera, Saromohan, 
Kandaimimda, Kiikiirhhiika, Usra, Barpali and 
other places (Narayanaswamy et al.. Bid!. gcoL Snrv. 
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India, Scr. A, No. 12. i<;57 ; Nalh, Indian Miner., 
1959, 13, 301). 

In Sanibalinir (list., extensive deposits of coloured 
limestone occur with intercalations of shales in an 
area of S s<|. miles around Dungri (2 1*^42' 183^34'), 
Sauntmal (2i''4i':83°33'), Badmal (21 "40': 83^33'), 
Behera (2 1 ''31/ : 83"32'), Kusumda (2 1 ''37' : 83"3o') 
and Banjipali (2 1 ''38' : 83^30'). The reserves in this 
area arc estimated at several hundred million tons. 
Typical hands at Dimgri, Badmal and Banji[)ali con- 
tain limestone with more than 48' V. CaO. Five million 
tons of dolomitic limestone, of which perhaps one- 
third would he of good (piality. are available north 
of Sulai (2 1 ""58' : 84 ”o 6'). Limestone also occurs with 
shales near Padampur, Lakhanpur and Putka (Kco- 
nomic Geology of Orissa, 85). 

In the Koraput (list., Hiix grade limestone occurs 
ahoiir 3 miles west of Kottametta (i8®2o':8i"42') 
near Sahara! river. The deposit extends about one 
mile along the river hank and analyses 53.36 Vn CaO. 
Argillaceous limestone occurs south of Nandivada 
(18"’ 11/: 81 ‘".^o') and along the Kolah river near 
Guptesvara (i8‘^4(/: 82“ 10') and Sirivada (i8°5o': 
82^" to'). Stalactites and stalagmites are hnmd in the 
cave temple of Guptesvara. Deposits containing lime- 
stone and marble also occur around Nandivada : the 
reserves up to a depth of 15 ft. arc estimated at 15 
million tons (Kconomic Geology of Orissa, 83 84). 

CxMiient and chemical grade limestones arc re|)ort- 
ed to occur over an area of 10 sep miles l)etwcen 
Umpavalli and Tunmiguda : the reserves of high 
gracle material up to a depth of 30 ft. are 40 million 
tons. 

Pl'NIAH 

In Amhala (list., deposits of limestone occur 
10 miles east of Chandigarh at 'Pundapathar 
(3o"45': 77'"o'), Kharag (3<>“43': 77''5') and in Ramsar- 
Sherla (30'' 40' : 77^5' '3o°4(/io" : 77^7') area. Tunda- 
|)athar limestone contains 92 93';.. CaCO., (av.). The 
reserves have been estimated at 25 million tons. 
Detailed proving operations have recently been taken 
up in the region by the Indian Bureau of Mines. 
Near Junpur (30^45' : 77® i') occurs a massive lime- 
stone hand traceable for c. 3 miles : a specimen from 
the area analysed 53.54% C'aO. A deposit north of 
IXabsu (30^38' :77”9') carries, up to ^00 ft. depth, a 
reserve of c. 1.7 million tons of limestone suitable for 
cement manufacture. High grade limestime also 
occurs near Basharat (32^47' : 73°6') and Chhidru 
(32^33': 71 "46'). Deposits are also found at Barun, 


Mataur, Amhri, Sirmara, Barach and Bonulu. About 
one million tons of concretionary limestone is report- 
ed to he available near Mataur [Sahni & Iyengar, 
Rcc. frcnl. Snrv. India, 1950, 83(i), 146 ; Inclian 
Minerals Yearh.. 1959, 206: Dey. /. sci. induslr. Res., 
i(;46, 5, 18 ; Dutt, Ree. geol. Surv. India, 1953, 
84(i), 95 1. 

In the former Patiala state, limestone of good 
(piality occurs near Malla (3o°46': 77‘'o'). In Nar- 
naul (28"3' : 76*^6'), a more or less continuous hand of 
limestone, extending to a distance of 7 miles, occurs 
between Dhani Bathunta ' l ) 

Kalika-Nangal (27^^55': 76^%') under alluvium and 
blown sand : outcrops are seen also near Bahmanwas 
(27"52": 76''(/), Binhari (27*^51': 76^(9') and Baliari. 
Moderately large dep(^sits of calcite of optical (piality 
arc found in some of the hills to the north-west and 
west of Narnaul tmvn |Bijawal, Client. / 1 g(', India, 
1(957, 8 , 181 : Srivastava, Ree. geol. Snrv. India, i(;54, 
85(i), 70; Bose, ibid., 1(906, 33(i), 59: C.hhihh.er cV 
Singh, /. sci. induslr. Res., 1946. 5B, 23]. 

In Gurdaspur (list., limestone occurs extensively as 
boulders and pebbles in the bed of Chakki river. In 
Kangra (list., limestone is found near the Dundiara 
rest house, near Dharmkot close to Dharmsala and at 
Bhaied Khad. In Simla (list., krol limestone occurs 
near Barog. 

KAJASritAX 

In Ajmer-Merwara, extensive deposits of pure and 
homogeneous dolomitic marble are found hetvvVen 
Kesarpura (26” u/ : 74"" 33') and Saradhana (26”27' : 
74°34') : the reserves in this region are estimated at 
over 25 million tons. Large deposits of siliceous and 
dolomitic limestones occur in several localities ; the 
Gangwana (26°32' : 74”43') deposit of siliceous lime- 
stone carries reserves of 1.5 million tons, the reserves 
of handed white dolomitic marble at Akhari are esti- 
mated at 4 million tons. Other limestone and marble 
hearing localities are: Beawar (26"(/ : 74"" 17'), Sawar 
(25°45' : 75" 13')* Odas (26'' 18' : 74° 1(9'), Sheopura 
(26'' 16' : 74°2 1'), Makhupura (26^24' : 74"' 40') and 
Sidia Dungar (26°23'3o": 72^^42') (Roy, Mem. geo/. 
Surv. India, 1959, 86 , 210). 

In Alwar (list., dolomitic limestone occurs at Bund 
Bagola near Rajgarli : a sample analysed to 42.64VV, 
CaO and 3.74‘>o MgO. A variety of tufaceous lime- 
stone of exceptional purity (reserves, c. 250 thousand 
tons) is foun(l near (Miatra. 

In Banswara (list., limestone and marble occur 
between Khamera (23^47' : 74^30') Bhongra 
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(23”4r : 74^33') in an area of 4 sq. miles ; an average 
sample eoniaincd 51.64';/. CaO. The reserves in the 
area have heen estimated at 50 million tons within a 
depth of 15 ft. (Koy. Mcju. i^col. Surv. India, 1959, 
86 , 214). 

I.arge deposits of Vindhyan limestone are found 
in Bikaner division : detailed surveys have yet to he 
carried out. In I’alana region, 2 3 hands of nummu 
litic limestone (CaO, 32.16';.,), 1^2-2 ft. thick, occur 
as intercalatory seams helween the surface and the 
lignite seam ; thicker heels are also noted at places. 

In Bundi (list., extensive deposits of cemcMir grade 
limestone (CaO, 42.55-48.44';,,) occur at [.akheri 
(25^^40' : 76® 1 1') in the foothills of the main ridge 
extending from north-east to south-west, hhtggy lime- 
stone occurs in the upper and lower series, while good 
(juality limestone witli intercalatory shales is found 
in the middle series. I.imesione is (|uarried at several 
phices, the daily output being c. 45 thousand tons. 

In Diingarjuir, several limestone hands extending 
from nortivwest to south-east occur c. of 

Munger (23'^'52' : 74*^ 1 2') : the western hands are ex- 
posed at Nandli Anjni (23^55' : 74" i T) and Dad 
(23''58': 74® 10') over a stretch of 8 miles. 

In Jodhpur division, extensive deposits of Vindhyan 
limestone of chemical grade (CtiC^.O.,, c;5.6-97.3",.) are 
exposed at Sojat ( 25"" 56' : 7 3° 40') and run north ])ast 
Bilara (26“ 1 1" : 27^41') in an outcrop 2-10 miles wide 
up to Cotan (26^'3(/ : 73''45') and again extend for 
many miles beyond to the north-west. At Sojat, lime- 
stone is obtainable in various shades of colour, from 
c ream to black, and at places is copiously seamt'd with 
chert, (iotan limestone (CaO, 53.<;9-55.24".,) is dark 
grey to light grey in colour and occurs in the form 
of a 5 6 ft. thick bed underneath a overburden (5 8 
ft.) composed of soil, kankar and altered Haggy lime- 
stone. 'The reserves in the area south of (iotan 
railway station is estimated at 8.8 million tons/sc|. 
mile. In Nagaur dist. of Jodhpur division, large 
deposits of marble are found at Makrana (27^31': 
74^43') and the adjoining area : the main deposit is 
in the form of a hill running in the N.NK-S.SW 
direction, from Mataji-ka-temple to Kala Dungri, a 
distance of 12 miles. I’he deposits are extensively 
(|uarried. Important limestone deposits arc located 
also at Miindwa, Manda, Amersagar and Athara 
(Sethi, 127 : Roy, Mnn. gcol. Surv. India, i(;5<;, 86 , 
2 ' 7 )- 

In Sawai Madhopur dist. (Jaipur division), the 
ridge between Niladonga (Kailadevi) and Maloli con- 
tains cement grade limestone. Other important lime- 


stone hearing localities in Jaipur division are: 
Bandhya, Makholi, Kukas, Patan, Naila, Rahori and 
Kaialo (Sethi, 125). 

Limestone of the Nimhahera and Lower Bhander 
stage's of the Vindhyans occur in Koiah division. 'Die 
low-magnesia Nimhahera limestone (CaO, >43'..) 
de|)()sit occurs between Julmi (24‘\^5' : 75'’59') and 
Mailo (24'’39'25'' ' 75^'58'4 o'') and between Nimana 
( 24 '' 4 '\V>" : 75 " 59 ) : 75'’52'), a 

length of c. 20 miles. Massive, lower Bhander lime 
stone (C.aO, 26.08-33.2 T'.,), usually low in silica and 
alumina, is c'xposc'd as a continuous scarp in 
Mukandwara hill range for a distance of c. 34 miles, 
rravertine deposits are also noticed along the road 
near Kasar. 

In Udaipur dist., multicoloured limestone is 
(piarried near Chitorgarh railway station for build- 
ing purposes : the limestone (CaCO.,,>75".,) is low in 
magnesia. It outcrops over an area of 7 s(|. miles and 
the reserves within a depth of 20 ft. are estimated at 
283 million tons (Roy, KU ni. gc*o/. Surv. India, 1CJ59, 
86 , 219). 

In the Ahu Road region, limestone occurs in 
several localitic's, notably at Pandore (24”32' : 72*^52'), 
Akhra {2 \ 2 ' Murthala (24^31' : 72‘’4c/), 
Kivarli (24'''32' : 72"5o'), Ahu Road (24‘^’28'3o" : 72‘'47'\ 
and Dhanwau (24''3i' : 72''47'3<>'') : 
serves in these localities are estimated at 15 
million tons ; the deposit at Murthala carries 9.3 
million tons of limestone (Rov. Indian Miner.. 
1956, 10, 103). 

Limc'stone of good (piality occurs near Kala 
Khokhra, c. 7 miles west of Maonda railway station 
and in Khetri area. 

Kankar occurs throughout the State in small 
scattered deposits (Sethi. 122). 

l riAK I»I<.\I>F.S1I 

Mirzakur district — A belt of Rohtris limestone runs 
along the left hank of Son river, in the lower sIojh's 
of Kaimur scarp, traversing the whole of Mir/.apur 
(list., from east to west, over a distance of 80 miles. 
Deposits of calcitic limestone have heen found near 
Kusdand (24'^</ : 82^^54'), the outcroj) is traceable for 
a distance of 2 miles and is c. 500 yd. wide. Cx'inent 
grade limestone is found at Makrihari (24"3if': 
83^8'). Rudauli (24^34': 83^8'), Pataudh (24"32': 
83"5'). Kahch (24^22' : 83”6'), Markundi (24^26': 
83^^ 5'), in Kandhaura-Mahona tract and between 
Mahona and Basuhari (24^32' : 83^^ 30'). Several large 
ex|)osures are found north of Susnai and west of 
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Thiria. Liiiicsionc, somcwliar high in magnesia, 
(Kciirs in (ihaghra river aiKi in Kanch-Kandhaiira 
tract, [..argc occurrences of Kajrahat stage limestone 
is found extending east-west for a distance of c. 15 
miles from Rihand river to llardi (24*^28' 183° 13') : 
the most important outcrops occur at Kotah (24^27': 
S3'^’8') near the confluence of Kanhan river and Son 
river, where limestone of very high grade (CaO, 53 ; 
SiOo, <3: and MgO, <Ii%) forms a series of small 
hills |Natli, !}idi(in Miner., 1959, 13 , 310: Nath, 
Bull. i!^i'ol. Surv. India, Ser. A, No. 2, 1951, i ; Mathiir, 
Rrc. ireol. Surv. India, 1958, 88(1), 84 : Narayana Rao, 
Mineral Wealth of Uttar Pradesh, 1956, 6|. 

Calcite and crystalline limestone deposits occur 
e. 3 miles south of Belwadah (24° 12' : 82”56'). The 
reserves in this area are estimated at 360 thousand 
tons of calcite and 2.8 million tons of crystalline lime- 
stone within a depth of 25 ft. (Mehta, Bull. ^eol. 
Surv. India, Ser. A, No. 2, 195*, 43). 

Dehra Dun & Tehri-Garinval districts — Extensive 
deposits of cement grade limestone occur in Kalsi, 
Dehra Dun, Mussoorie and Lachmanjhula areas. A 
deposit containing several million tons of workable 
siliceous limestone occurs at Mandarsu (3o”3o': 
77 ”55") Kalsi : some hands may become payable 
after flotation. 

An Upper Krol limestone formation, 260-1, otx) ft. 
thick, occurs throughout the Dehra Dun-Mussooric 
area, from Sisoli (30^23': 78^8') to Cloud End 
(30" 28' : 78 ‘’o'), a distance of over ii miles. The main 
limestone hand which is grey or bluish grey in colour 
analyses to 50-557,, CaO, with magnesia from trace 
to slightly above 4‘V,. Quarriahle reserves are esti- 
mated at 404 million tons, of which the average 
((uality material (CaO, 45.77 : MgO, 4.95%) 
amounts to 254.5 million tons ; chemical grade 
limestone (CaO, 50-55’;..), 143 million tons, and 

high grade stone (CaO, >55^0)^ 6.5 million tons 
(Mehta el al.. Bull. geo/. Surv. India, No. 16, 
1959. 20). 

A hand of cement grade limestone occurs in 
Ghorapitti hills and in the region from Barkot near 
Doiwala up to the eastern spur of Kiitia ridge. The 
reserves in Ghorapitti hills have been estimated at 
12 million tons and in Barkot-Kutia ridge, at 38 
million tons. 

In Tehri-Garhwal dist., limestone of cement quality 
occurs at high altitudes near Kwanu rest house, 
south and west of Chakrata and Nagini ; calcite 
marble occurs on the mule j)ath from Narendranagar 
to Tehri | Auden, Indian Miner., 1948, 2 , 83; 
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Coggin Brown & Dey, 334 ; Auden, Rcc. geol. Surv. 
India, 19^4, 79(2), 437 ; Nautiyal, ibid., 1953, 
84(i),98|.‘ 

In Garhwal dist., siliceous limestone bands occur 
near Nilkant, Pundras, Toli, Bhadsi and Manikot : 
the total reserves in this area are estimated at 28 
million tons. Extensive deposits of calc-iiifa occur in 
the neighbourhood of Chunakhan (29''n/:79”i5') 
near Naini Tal |Prakash & Zuheri, Preliminary Rep. 
on the lAmestone Deposits near Nilkant {Garhwal 
Dist.), Directorate of Geology & Mining, U.P., 1957 : 
Auden, Rec. geo/. Surv. India, 1955, 79(2), 550]. 

In Ilardwar dist., outcrops of Upper Tal limestone 
are found above Lachmanjhula and along the river 
Ganga near co-ordinates 30^4': 78°3o'. 

Marl is found in fairly large quantities in the 
valleys of Gointi, Ghagra and Sai rivers |Puri, Quart. 
J. geo/. Soc. India, 1948, 20(2), 45]. 

WEST BENGAI. 

In the Purulia dist., several deposits occur in 
Jhalda, Flanshapathar, Baghmundi, Thaldii and 
Panchet hill areas. A few miles north of Jhalda 
(85^58' : 23° 22'), a thick belt of calcite (CaCO.„ >75%), 
covering 2-3 miles area and suitable for cement 
manufacture is exposed, the reserves in this area is 
reported to he large. In Bankura dist., outcrops of 
crystalline dolomitic limestone are found in the 
neighbourhood of Guniada hillock and llarirampur 
(23°8':86°45') : c. 0.25 million tons of crystalline 
limestone may be available for every 10 ft. of depth 
in tbe latter locality. In Darjeeling dist., limestone of 
good (pialitv and also calcareous tufa are found in 
several localities |Bhaitacharjee, Quart. ]. geo/. Soc. 
India, 1958. 30 , 243 : Banerjee, Indian Ceram., 1958- 
59, 5 , 199 : riuiuhiy, Rec. geol. Surv. India, 1954, 85 (i), 
(k) : Chatterjee, ibid., 1958, 88(1), 120 ; Bijawat, Chem. 
/dge, India, 1957, 

Dem.ani) and Reserves 

Demand — Limestone is abundantly available in 
the country for meeting the requirements of building, 
cement, chemical and metallurgical industries. 
Cement grade limestone is available in practically all 
States. The demand for high (piality limestone 
required for chemical and metallurgical industries is 
continuously rising and investigations have been 
undertaken in recent years to assess the extent and 
(juality of deposits in various States. Table 5 lists the 
more important limestone deposits which supply lime 
to the chemical indu.stry. 
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TABLE 5— CHEMICAL GRADE LIMESTONES, THEIR ANALYSES 



AND USES^ 


Location of 
deposit 

Used for the 
iiianiifac'turc of: 

Average analysis 

Andhra Pradesh 



Dronac'lialain 

Sugar 

avail. CaO, 80% 

Assam 



Sylliet 

Caleiuin earbidc 

CaCO,, 95.4 98.6; MgCO„ 
0..55- 1.87 ; SiO., 0.25 
0.65 ; ALO„ “ Fe.O,, 
etc., <2% ' 

Bihar 



LaU'h.ir 

Window glass 

CaO, 55.2; MgO, l.l ; 
SiO.., & insol., 2.2 ; 
A1,6„ 0.4; Fe.O,, 

0.4 ; loss on ignition, 
42.8% 

(hijaral 



Porbaiidar 

Soda ash ^ 
caustic soda 

CaC.O,, 95.87; MgCO„ 
0.70; SUL, 1.66; U./Lt, 
2.71 ; Na(’l, 0.06; niois 
lure, 0.94';:, 

Okliaiiiandai 
(Coral litiK!- 
sionc) 

do. 

CaCO,, 91.87; MgCO,. 
2.26 ; SU)., 2.07 ; R.,0.,t, 
0.79; NaCfl, 0.04; CaSO„ 
0.84",, 

Sail rash tra 
(Pearl shells) 

BU'aching 

powder 

Lime: avail, CaO, 91.15- 
95.58; SiO.., 0.17 0.39; 
K,0,t. 0.48 1.51% 

Madhya Pradesh 



Kami 

C'alciiitii carbide, 
bleaching 
powder & 
sugar 

CaO. 55 54 ; MgO, 0.75 
1.0; SiO.., 1-4; R.O.f, 
0.5-1% 

Jiikehi 

Bleaching 
powder, paper 
& sugar 

CaO, .50 54; MgO, 0.5- 
1.5; SiO.., 1 6; R.O.t, 
0.25-1.5% 

Maihar 

Paper 

CaO, 52.75 .55.45 ; MgO, 
0.48-1.05 ; SiO., & insol., 
2.06 5..59; R.O.f, 0.66 
0.86":, 

Satna 

Paper 

CaO, 45 50; SiO.., 4-10; 

ILO.t. k -i'V. 

Madras 



Sail karid rug 

Bleaching 

powder 

CaO. 54 55 ; MgO, 0.5 
1.0; SiO., A: insol., 
<1.0; RJLt, <0.5% 

Mysore 

Yadwad 

Orissa 

Sugar 

CaO, 55.51 ; MgO, 0.71 ; 
SUL, 2.2% ; Fe & Mn, 
in traces ; free from S, 
p, t:i 

Birmitrapiir 

Paper 

t:aO, 45.9 49.4 ; Mgf), 
2.I-5.5 ; Si(L, 2.8-10.1 ; 
R5Lt, 1.2 2:9% 


TAIH.K 5 Contd. 


IjiK'ation of 
deposit 

Hajnsthan 

Makrana 

Cotail 

fJtlar Prmli'sh 
Dchra Don 


Used for the Average analysis 

niaiiufaetorc of: 


(;lass sheets CaO. 50.4; MgO, 2.28; 

Fe.O.,, 1.16; iitsiol., 

3.8% ‘ 


Ca kill 111 carbide 


Sugar 


CaO. 54.8; MgO. 0.47; 
SiO., 0.65; R.O.t. 
0 . 2 ":, 


CaO, >51; MgO, 1..^ iU ;,' 


* Bijawai A: Sastrv, 112 17, .^5 ; Maeedo, 58, 84; Coggin 
Brown & Dev, M] 4ji ; Dutt, Indian Min. J., 1957, 5 (10), 55. 
tAl,0, + Fe5),. 


rhinestone is re(|iiire(l in steel |)lanrs in two 
grades, one for Hiixing in the blast furnace and the 
other for fettling in the steel melting shops, "^rhe 
re(|uircments of iliix grade and fettling grade lime- 
stone are c. 4 million tons and 0.8 million tons 
respectively |)er year. The present demand is met hy 
deposits located in Orissa, Madhya l^radesh and 
Mysore. Bhilai steel plant draws its supplies from 
Nandini mines (Madhya Pradesh), Rourkela from 
Purnapani (Orissa) and Satna-Maihar (Madhya 
Pradesh) areas and Durgapur from the llathihari- 
Birmitrapur area (Orissa). Table 6 lists the deposits 
which are supplying flux grade limestone to metal- 
lurgical industries along with a few promising 
deposits which may he (piarried later | Indian 
Minerals Year!)., 1959, 207 ; liidustr. Indian 1959, 
10(10), 13]. 

Reserves- Cnrnxt estimates of reserves in various 
Stales are not available. 'I able 7 summari/es the 
available information. Actual re.serves may he many 
times more than the figures mentioned. 

MiNiNc; 

Limestone deposits are worked in India hy open 
cast (piarrying. Quarrying is usually effected hy 
manual operation. "I'he overburden is removed and 
limestone broken into pieces hy hammer and 
crowbar, (ff late, a luimher of major mines have 
been mechani/ed. In 1959 there were 137 limestone 
mines in the country. Of these, 5 mines produced 
over 500 thousand tons, 19 mines over 50 thousand 
tons, 36 mines over 10 thousand tons and 65 mines 
up to 10 thousand tons of limestone per year (Indian 
Minerals Yearh., 1959, 207). 

In Rajasthan, dimensional stones aiul marbles are 
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TABI H 6-Pl.lIX GRADFi I.IMRSTONE DEPOSITS' 



Kxteni of 
<lep<jsil 

Remarks 

Anflliru rnidiwli 

(!iul(lapali & Ktiriiool 
(tisi. 

Ample reserves 

Not wtili/.ed at pre- 
sent due to (tis- 
lanee from eonsum- 
ing centres 

.1 ssuin 

Svilirl 

r.\teiisi\e 

(fOod (|uality ttiix 
grade stone ; not 
evpioiterl due to 
transport ctilTienlty 

lliliur 

Cllioia Nagpiit 

Seallered 


Sliahahad (list. 

l.arge reserves 

Mav be ex|)loiicd 
later 

('.ujdrtit 

Knit h 

I.imiied 


Mddhya rnulrsh 

Jiikehi Kaiiniir area 


Not exploited cine to 
distanee from sleel 
|)lants 

Naiulgaon, Ulianptiri 
Nandi 111 

Mnlilara 

I.arge reser\es 

|() million tons 

niianpuri Ik Nandini 
limestone used in 
Rhilai steel pl.int 

Madras 

Salem dist. 

(iood <|iiamiiy 

INed loeally in low 
shaft furnaces 

Maharashira 

tilianda Ik Veoimal 

I/imiieit 


.M\ sore 

Sliimnga, C Ihitaldnig, 

T’oial reserves, 

Sliimoga limestone 

riimkiir Ik Mysore 

50 million 

used in Mxsftrr 

dist. 

tons 

Inni 1^ Sttrl U ’ork's 

Orissa 

niiTiiiirapiir, llatlii 

% million tons 

Sii|jply needs of 

liari, Piirnapani CV 

at itirmilra- 

Rourkela, Diirga- 

I.an jiherna 

pLir atone 

pur and (amshed 
pur steel plants 


* Knj^intTT, C.tnistr. i\c:cs, IV.V>,8(S), 


ol)i, lined hy simple f|iianying merliods ; holes are 
drilled to lorm a line ol break alter removal ol* over- 
burden : and advantage is taken ol' joints, lissiires or 
cracks lor extraction. Caitting and dressing of 
stones for building purposes are done tnaniially by 
chisel and hammer. Slabs iij) to 12 ft. in length are 
<|uarried. 

Brncfu ifilion '1 he Ass(,i Idled Crmoil Conil^an^ 
(ACC.) has installed a iienelk dating plant at Khalari 
(Bihar) for upgrading low grade limestone (C^'iO, 
y)‘'n) from nearby deposits. The mineral is crushed, 
ground and fed to a battery of flotation cells of the 
l\agergreen tyj)e. I'atiy acids are employed as flota- 
tion agents, methyl isobulyl carbinol as frother and 


a proprietary product, resemi)ling blown oil, as 
collector. I’he concentrates are thickened in a Dorr- 
thickener, Beneficiated limestone (CaO content, 
48.7';,,) is used for making cement |Dewan, Indian 
Min. /., 1957, 5 (spec, issue), 53 : Majumdar, ibid., 
1955, 3(io), 5: Indian Miner., 1955, 9 . iiS|. 

Optimum conditions for beneticiation of limestone 
rejects from cement factories have been worked out 
in the National Metallurgical l^aboratory, Jamshed- 
pur, using oleic acid as collector and sodium silicate 
as depressant. Concentrates suitable for cement 
manufacture (CaO content. 45-47“o) have been re- 
covered with 80 88",. yield \CSIR Neu's, 1960. 
10 ( 3 ). 3 |- 

Limestone of flux grade should preferably be low 
in silica, alumina and magnesia contents. Silica and 
alumina are essentially inert materials which recpiire 
additional flux and coke to remove them. Magnesia 
being a refractory tnaterial re(|uires higher tempera- 
ture for smelting involving higher fuel consumption. 
Lfforts are therefore being made to bcaieficiate flux 
grade limestone by crushing and froth-flotation. The 
beneficiated fines obtaitiecl have, however, to be 
agglomerated for use in furtiaces. I’reliminary investi- 
gations using molasses or sodimn silicate as binding 
agents carried out at the research laboratory of the 
Tala Iron c’" Sleel (o. /.Jr/., Jamshedpur, have yield- 
ed promisitig results |Kutar, Iron Sleel Rev., 
i(; 59-6 o, 3(ii), 27]. 


TABLE 7-ESTlMAlEn RE.SERVES OF ITMESTONE” 
(inillinn (tins) 



CVment 

grade 

riux 

Rriuli- 

Ordinarv 

Total 

Andhra l*radesh 

.hS4S 


6,222 

10,070 

Assam 

1,154 



1,154 

Bihar 

24 



28 

(hij.’iral 

2‘L5 



295 

Jammu & Kashmir 

17 



17 

Madhya Pradesh 

154 


II 

250 

Madras 

10 



10 

Mysore 

755 



755 

Orissa 

90 

46 

64 

200 

Piinjat) 

24 



24 

Rajasthan 

292 

15 


507 

Uttar Pradesh 

4,78S 

2,984 


7,772 

Total 

11,411 

5,I.U) 

6,.iOI 

20,842 


* Inforin.TlifMi froiii liiriiaii niirc.iii nt Mines, Nagpur. 
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TABLE K-SPECTFICATIONS FOR LIMESTONE AND LIME* 

Flux in iron & steel CaO, 47.5-49.60; SiO^-fALOg, 4.76 7.65; 
industry** MgO, 1.86-4.1%; should be dense 

fine grained, compart and able to 
withstand load in the furnace ; speci- 
fications for open hearth fettling 
grade stone ni«>re rigitl, esp. with 
respect to SiOg-f AI./)„ than for 
blast furnace material 


Clement manufacture^: (in percentage) after deducting lime 

necessary to combine with SO, 
present, 0.66 1.02 (i.e. CaO, <40; 
SiO,, 14-I57ot); MgO (max.), 2.7; 
Fe compd. (max.), 2 ; P./)- (max.), I % 

Colourless glassfl C’aCO., (min.), 94.5; C’aC 0 ,-|-MgC 03 , 

97.5 ; FcjOj (max.), 0.20 ; total non- 
volatile matter insfdublc in HC1 
(max.;, 2.0 : moisture (max.), 


Sugar manufacture C'aO (min.), 50.0; MgO (max.), 1.0; 

SiO,. & insol. (max.), 4.0 ; Fe/Ij i 
AI.,0, (max.), 1.5% 

Soda ash CaCO,. 90-99 ; MgCO„ 0 6 ; SiO.,-}- 

Al,0,-l.Fe,0,, 0 -.V% 


C^alcium carbide Quicklime: C'aO (min.), 92.00; MgO 

(max.). 1.75; SiO, (max.), 2.00; 

Fe,0,-f AI.X)., (max.), 1. 00; S (max.), 
0.20 ; P (max.), 0.02 ; loss on ignition 
(max.), 4.00 ; Fe.O.,, >0.5% ; shall 
be in lump or pc\)ble. form and sub- 
stantially free of core, a.sh and dirt 


bleaching powder Quicklime: CaO (min.), 95.0; MgO 

(max.), 2.0 ; SiO,. (max.), 1.5 ; Fe..O,-|- 
AbO, (max.), 2^0 ; Fe,0.„ 0.3% 

Sulphite pulp Calcium lime: CaO (inin.), 92.5; MgO 

(max.), 2.0; Fe,0,-f A1,0, +SiO, 

(max.), 3.0% 


* Hi jawat & Sastry, 100-105. 

•* Fngineer, Indian Cnnstr. Nc:c'.v, 1959, 8(8), 104. 

:1LS; 12 (1947); K,0, = 2.8 .SiO, J 1.2 A1,0, | 0.65 Fe,0,. 
t Indian Minerals Yearb., 1959, 206. 
tMS: 997 1957. 


Uses and Specifications 

Limestone is extensively used in building cons- 
truction and masonry walls and as concrete aggre- 
gate, railroad ballast, asphalt filler and road metal. 
Tbc principal use of limestone is in the manufacture 
of Portland cement. The use of limestone and 
marble for building purposes has already been dealt 
with under Building Stones (With India — Raw 
Materials, 1 , 235-49). 

It is employed also as a flux in the iron and steel 
industry. For every ton of steel produced over J/2 ton 
of limestone is reejuired. 

Lithographic limestone which is fine- grained, 
porous and soft, is used in printing and engraving 
work. Iceland spar finds use in optical instruments ; 
a familiar example of such use is in the Nicol prism. 


Calcium carbonate which may be in the form of 
ground limestone, marble, chalk or whiting, is used 
as a constituent of pottery glazes and enamels. Whit- 
ing |3repared by crushing certain varieties of Por- 
bandar stone or [abalpur marble is used as an 
exiendei for paints and as filler for textiles, paper, 
rubber, soaji and toilet powders. Chalk is used in the 
manufacture of putty and crayons. 

Lime used in chemical, metallurgical, paper, sugar, 
textile and other industries, is produced by calcina- 
tion of limestone. wSubstanrial (|uantities of lime arc 
produced in batch type country kilns or hhattas of 
various shapes, sizes and designs ; the c]uality of the 
product is generally poor. The bulk of chemical lime 
is produced in shaft kilns ; rotary kilns are also used 
for this purpose, but their number is small (Bijawat, 
Cliettt, /Igc, India, 1957, 8 , 171). 

Specifications — Table 8 gives the specifications for 
limestones and lime used for dillerent industrial 
purposes. 


Pkodi’ciion and Trade 

The production of limestone has increased con- 
siderably during the last decade. Bihar is the leading 
producing State, closely followed by Madhya Pradesh 
and Orissa. Other important producing States are 
Rajasthan, Madras and Mysore. Table 9 gives the 
production during 1948 -60. Statewise production of 
limestone during 1957-60 is given in Table 10. Only 
a small quantity of limestone, excluding building 
stones, is exported from India. The exports during 


TABLE 9-PRODlJCnON OF LIMESTONE IN INDIA 


Year 


Qly 

(thousand tons) 

Val. 

(thousand Rs.) 

1948 


1,515 

6,082 

1949 


1,980 

7,230 

1950 


2,268 

6,662 

1951 


2,918 

10,258 

1952 


2.787 

9,222 

1953 


4,072 

16.791 

1954 


6.164 

22.015 

1955 


7,366 

.R).248 

1956 


8,253 

33,634 

1957 


9,420 (9,571) 

37,336 

I9.SS 


10,366 (10.53.q 

41,531 

1959 


10,660 (10,831) 

45,723 

1960 


12,525 (12,726) 

56,214 

Figures 

ill parcnlhcscs denote quantity in 

metric tons. 
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TABLE 10~STATEW1SE PRODUCTION OF LIMESTONE DURING 1997-60 
(Qty in thousutul metric tons and val. in thousand Ks.) 



1957 


1958 



1959 



1960f 



State 

Qty 

Val. 

Qty 

Val. 

Qty 

Val. 

Qty 

Val. 

Andhra Pradesh 

491.2 

1,024 

758.3 

2,101 

909.8 

2,793 

920.4 

2,706 

Assam 

76.0 

580 

66.2 

505 

61.0 

466 

49.2 

381 

Bihar 

1,522.7 

7,150 

1,804.9 

8,647 

1,753.8 

9,121 

2,051.2 

11,218 

Gujarat & Maharashtra 

627.4 

1,884 

557.2 

1,865 

458.7 

2,051 

719.6 

3,306 

Madliya Pradesh 

1,067.8 

2,905 

1,296.7 

4,203 

1,410.5 

5,291 

1,990.5 

10,300 

Madras 

1,134.6 

3,105 

1,180.8 

3,454 

1,274.3 

3.914 

1,613.6 

5,446 

Mysore 

927.8 

2,714 

931.8 

3,040 

975.9 

3,326 

1,036.1 

3,507 

Orissa 

1,. 384.9 

8,097 

1,500.1 

8,713 

1,556.3 

10,096 

1,769.1 

10,710 

Punjab 

527.1 

1,894 

656.1 

1,066 

591.2 

1,251 

606.6 

1,145 

Rajasthan 

1,294.5 

5,425 

1,330.3 

5,816 

1,417.4 

5,941 

1,591.1 

6.382 

Utlar Pradesh 

490.4 

2,477 

444.6 

2,101 

417.6 

1,447 

376.7 

1,097 

West Bengal 

26.6 

81 

6.3 

20 

4.9 

26 

2.2 

16 

Total 

9,571.0 

37,336 

10,533.3 

41,531 

10,831.4 

45,723 

12,726.3 

56,214 


t Provisional 


*957' *959 1960-61 were (in tons) 93,147 

(val. Rs. 705,701), 91,036 (val. Rs. 674,402), 104,047 
(val. Rs. 744,686) and 98,335 (val. Rs. 741,458) respec- 
tively. Exports were mainly to East Pakistan. 

Prices — ^The f.o.r. price for limestone containing 
90-95% CaCO., ranged between Rs. 7 and Rs. 9 per 
ton in 1957, while the average price f.o.r. Katni in 
1958, 1959 and i960 was Rs. 10.50, Rs. 10.50 and 
Rs. ii.o per ton respectively. 

LIMNANTHEMUM Gmel.* (Gentianaceae) 

A small genus of aquatic herbs, floating or creep- 
ing, found throughout the tropical, sub-tropical and 
temperate regions of the world. Five species occur in 
India. 

L, cristatum Griseh. 

D.E.P., IV, 641 : 111 , 318 ; FI. Br. Ind., IV, 131. 

Hindi — Tagarmul, curnuda, ghainchu ; Beng. — 
Pancliuli, chatidmalla ; Mar. — Kolare chikal ; Tel. — 
Antliara thamara. 

Bombay — Khatara, kumudini ; Mundari — Marang 
chaiom ara ha. 

An aquatic herb with long floating stem (stolon) 
rooting at the nodes, common in fresh-water jhccls, 
tanks, ditches and ponds almost throughout India. 
Rhizome short, erect ; leaves, 2.5-10 cm. in diam., 

* ITie genus is considered by some authors to be a synonym 
of Nymphoides Hill 
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FIG. 43. I.IMNANTHEMUM INDIOJM-FLOWERING PLANT 


orbicular, purplish beneath ; flowers white, yellow 
within, in dense clusters ; capsules broadly ovoid or 
suh-glohose with numerous seeds. The plant repro- 
duces vegetatively as well as by seeds ; vegetative 
propagation is more frequent. Flowering takes place 
throughout the summer months (d’Almeida, /. 
Indian hot, Soc., 1928, 7 , i : Mitra, Proc. nat, Inst, 
Sci, India, 1955, 170). 

The plant is used as a substitute for chiretta 
{Szvertia chirata Buch.-IIam.) in fevers and jaundice. 
Stalks and leaves are pounded with oil and applied to 
ulcers and insect bites ; and a decoction is used as 
a wash for parasitic skin affections. Seeds are consi- 
dered anthelmintic. Stems, leaves and fruits arc eaten, 
cither in curry or after boiling (Kirt. & Basu, III, 
1669 * Chopra, 503 ; Burkill, II, 1346). 

L. indicum (Linn.) Thw. 

FI. Br. Ind., IV. 131. 

Hindi cliuli ; Mal. — Chinnamhal. 

Mundari — Sadom lachomkor ba. 


An aquatic herb closely resembling L. cristatum, 
but with thicker rhizome, stouter stolon and larger 
leaves found in tanks, ponds and ditches nearly 
throughout India. Stems long, floating, rooting at 
nodes ; leaves floating, 30 cm. or more in diam. ; 
flowers white with yellow centres, in clusters. The 
plant propagates itself by vegetative buds and 
adventitious roots (d ’Almeida, loc. cit.). 

The rhizomes, roots, stolons and petioles of the 
plant arc used as vegetable. The plant is bitter and 
used as antiscorbutic and febrifuge [Bressers, 95 ; 
Santapau, Rec. hot. Surv. India, 1953, 16 (i), 183 ; 
Watt & Brcycr-Brandwijk. 141]. 

L. nymphaeoides Link 

D.E.P., IV, 641 ; III, 429; FI. Br. Ind., IV, 131 : 
Blatter, II, PI. 43, Fig. 5. 

Punjab — Kuril, khairposh. 

An atjuatic herb with creeping rhizome found in 
western Himalayas at altitudes of 1,800-2,700 m. 
Stems long, floating, rooting at nodes ; leaves 
2.5-5 diam., round, deeply cordate : flowers 

yellow, in axillary umbels ; capsules 2.5 cm. long, 
ellipsoid, sharp-pointed with many seeds. The plant 
is common in ditches along roads in Dal district in 
Kashmir (Blatter, II, 49). 

The plant is largely used as fodder : it increases the 
flow of milk of cows feeding on it. Fresh leaves arc 
useful for periodic headaches (Kirt. & Basil, III, 1669). 

LIMNOPHILA R. Br. {Scrophulariaceae) 

A genus of herbs found throughout Africa, Asia 
and Australia. About 20 species occur in India. Some 
arc strongly aromatic and are often used as pot-herb 
or flavouring. 

L. aromatica (Lam.) Merrill syn. L. gralissima Blumc 

FI. Br. Ind., IV, 268 ; Kirt. & Basil, PI. bqbA. 

Hindi -Kuttra ; Besc. Karpur ; Mar. — Ambuli ; 
Mal. — Manganari. 

A stout aromatic herb, 30-50 cm. high, found in 
South Bihar, Orissa, Sundarbans, Aka hills (Assam), 
Deccan and western parts of S. India up to 600 m.. 
in damp places, margins of ponds and backwaters. 
Leaves sessile, linear-oblong or lanceolate, sharply 
serrate : flowers small, in axillary and terminal 
racemes ; capsules small, ovoid-oblong. 

The plant possesses the odour of turpentine and 
yields 0.13% of an essential oil containing rf-limo- 
ncnc and d-pcrillaldehyde as the principal consti- 
tuents. It is used as spinach in Java and eaten raw 
or steamed. It is regarded as antiseptic, galactagogue 
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and aperient. Leaves are applied as poidtice for sore 
on legs. The juice of the plant is given in fever and 
to nursing mothers when the milk is sour {Chem. 
Ahstr., 1947, 41 , 3262 ; Burkill, II, 1347-4^^ ; Kirt. & 
Basil, III, 1S14 ; Chopra, 503). 

L. indica (lann.) Druce syn. L. gratioloidcs R. Br. ; 
L. racemosa Benth. 

FI. Br. Ind., IV, 271 ; Chatterjee & Bharadwaja, 
Bull. hot. Soc. Beug., 1955, 9 , 13S : Kirt. & Basu, PI. 
696B. 

Hindi — Kuttra ; Beng. — Kar[)ur ; Mar. -Amhttli ; 
Gv\. Tiirati ; Mai.. — Manganari. 

Mundaki- Losod ara. 

A short, erect, diffusely branched herb, up to 30 
cm. liigh, found in damp places, swamps and rice 
fields rliroiighout India a.scending to 900-1, 2(x) m. in 
the Himalayas. Leaves linear-oblong: upper leaves 
.sessile, lower leaves submerged, sometimes capillaceo- 
multifid : flowers solitary, axillary or in terminal 
racemes : capsules small, broadly ellipsoid or globose. 

L. indica is a variable species. Two varieties are 
usually met with: var. vlougata Benth. found in 
ujiper Gangetic plain, Madhya Prailesh and Deccan 
and var. intermedia Hook. f. found in upper Gangetic 
plain and N. W. Himalayas ; tliese are regarded by 
some authors as cco-forms of L. indica. The plant 
flowers during the rainy and cold seasons. 

'Hie plant has a refreshing and agreeable odour 
resembling that of camjihor or oil of lemons. Leaves 
are eaten as |)ot-herb. The plant is reported to possess 
antiseptic and carminative properties. A liniment 
prepared from the plant is used in elepliantiasis. An 
infusion of leaves is given in Philippines for dysen- 
tery and dyspepsia (Dymock, Warden & Hooper, III, 
7: Bressers, 105: Kirt. & Basu, III, 1814: Chopra, 
503 ; Quisumbing, 870). 

L. rugosa (Roth) Merrill syn. L. roxburghii G. Don 

FI. Br. Ind., IV, 265 : Chatterjee & Bharadwaja, 
Bull. hot. Soc. Bang.. 1955, 9 , 137. 

Beng. — Kala karpur. 

Mundaki — Losod ha. 

An erect herbaceous, aromatic annual, 30-60 cm. 
high, found in atpialic situations and moist lands 
almost throughout India ascending to i,8(X) m. in the 
Himalayas. Ixaves elliptic to ovate, crenate-serratc or 
crenulate : flowers in axillary shortly pedunculate 
heads ; capsules oblong-ellipsoid. 

L. rugosa tastes like Ociniuni hasilicum Linn, and 
used as a flavouring for food. It is also used as bair 
perfume. Leaves contain an essential oil. The mineral 


constituents present in the ash of the plant (ash, 
2.1/,,) are: plio.sphorus (P2O;,), 0.15; calcium (CaO), 
0.31 : and iron (Fe^O;,), 0.022%. An infusion of the 
leaves is taken as diuretic, stomachic and digestive 
tonic in the Philippines (Burkill, II, 1348 : Brown, 
1946, III, 326-27 : Quisumbing, 871 ; Kirt. & Basu, 
III, 1815). ^ 

L. conferla Benth. (Mal. — Munganari ; Mundari 
- Mtichri ara) is an erect or procumbent herb, 30-45 
cm. high, with elliptic-oblong leaves found more or 
less throughout India in damp places. It is used as a 
pot-herh by the Mundas (Bressers, 104). 

Limonia — sec Feronia, Hesperethusa 
Limonite — see Iron Ores 
Limpets — sec Molluscs 
Linaloe Tree — see Bursera 
Linaria — see Kickxia 

LINDENBERGIA Lehm. (Scropliulariaceae) 

A small genus of annual or perennial herhs distri 
buted ihroughoul tropical Asia and Africa. Seven 
species are recordefi in India. 



FIG. 44. LINDENBERGIA INDICA— FLOWERING PLANT 
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L. indica (Linn.) Kunrzc syn. L. iirlicacfolia Lchm. ; 
L. polyanlha Roylc cx Bcnth. ; L. ruderalis (Rciz.) 
Voigt 

D.K.P., IV, 642 ; FI. Br. Iiul., IV, 262 ; Chattcrjcc 
& Bharadwaja, Bull. hot. Soc. Bcufr,^ ^ 955 * % *39- 

Ben(;. HaUli basanta ; Mak. — Diiol, ^rajlular ; 
Guj. Bliinla challi, paltliar chatti. 

Mundari- //nn’ng jiki pola. 

An crcci, soinctimo.s tufted, annual herb, 10-30 cm. 
higli, found throughout India ascending to 2,100 ni. 
in the Himalayas. Leaves broadly ovate or elli|)tic, 
crenately serrate ; flowers small, yellow, solitary or in 
clusters, sometimes forming axillary or terminal 
racemes : capsules ovoid, laterally compressed, beak- 
ed, containing minute seeds. L. indica is a very vari- 
able species. It is commonly found in crevices on old 
walls and hanks of ancient monuments (Kl. Delhi, 
- 59 )* 

The plant posse.sses a faint aromatic odour and is 
slightly hitter. The juice of the plant is given in 
chronic bronchitis ; it is applied also to skin eruptitins 
(Kirt. eV Basil. III. iSii). 

LINDER A Tin mb. {Lauraccac) 

D.K.J>., IV, 643 : FI. Br. Ind., V. 1S2. 

A genus of dioecious or polygamous, aromatic 
trees and shrubs distrihutefl in Asia and North 
America. About 15 species are found in India, chiefly 
in eastern Himalayas and Assam. 

L. assaniica Kur/ (Nepal — Sajiu pahenlc, paicli ; 
Lepcha Scnasliclkun^, phandri ; Assam — Matahhc. 
hanihhc. dicn^-pahliar) is a large shrub or a tree up 
to 18 m. in height and 1.3 m. in girth, with a clean 
hole 6 i) m. long, found in eastern Himalayas between 
1,800 and 2,700 m. and in parts of Assam. Bark 
brownish : leaves elliptic-lanceolate, coriaceous : 
flowers in clusters, small : fruit suh-glohose. 'Hu* 
wood (wt.. 34-41 Ih./cu.ft.) is yellow, turning olive 
grey on exposure, pretty, even-grained and moderate- 
ly hard ; it is used for building purposes, chiefly as 
planks (Gamble, 574). 

L. caudala Benth. (Kiiasi — Dioig-soh-orihai, dieng- 
brait-salu) is a small to medium-si/ed tree found in 
Khasi and Naga hills in Assam. In China, a decoc- 
tion of the leaves is taken to relieve pain caused by 
mechanical injury (Cheo, Bot. Bull. Acad, sunca, 
» 949 » *36). 

L. nccsiaua Bcnth. (Nepal — Siltimur) is a small or 
medium-si/ed tree found in temperate Himalayas 
from Nepal eastwards at 1,800-2,400 m. and in 


Mishmi and Aka hills in Assam. The plant is aro- 
matic, spicy and carminative. It is reported to yield 
sassalras which is possibly substituted for sassafras 
from Cinnamomum gland uliferum in Nepal (Cfliopra, 
503; Kirt. & Basil, III, 2163: With India — Raw 
Materials, II, 17S). 

L. pulclicninia Benth. (Hindi Dadia ; Ki’maox 
Chcri : Nepal — Sissi ; Lepciia— N 7//)5or-A'////g ; Kiiasi 
--I)icng-t\rlliia-s\nrang, dieng-jabu-rit) is a medium- 
sized tree, 18-24 height and 1.2 1.5 m. in girth, 

with a clear hole of 6-9 in., found in temperate 
Himalayas from Kumaon eastwards at altitudes of 
1,200-2,700 m. and in Khasi hills and Manipur. The 
wood (wt., 33-40 11). cii.ft.) is reddish white, even- 
grained and moderately hard. It does not warj) easily 
and is used for building purposes, cattle yokels and 
occasionally for tea boxes ((jamhle, 574). 

LINDERNIA All. (Scropliulariaccar) 

A large genus of annual herbs distributed through- 
out the tropics. The genus has been recently enlarged 
to include the three genera, Bonna\a Link Otto, 
ll\satithcs Ralin. and I'andcllia Linn. About 25 
species are re|)orted to occur in India (Pennell, 27 : 
Mukerjee, /. Indian hot. Soc., 1945, * 3 ^ 0 - 



FIG. 45. LINDERNIA CRUSTACEA— riOWERING PLANT 
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L. Crustacea F. Mucll. syn. Vandcllia Crustacea 
Bcnth. 

FI. Br. Ind., IV, 279 : Miikcrjee, /. Indian hot, Soc., 
1945. 24 , 130. 

A low, glabrous, ditfiiscly branched annual, 3.5-30.0 
cm. high, with small ovate, entire or serrate leaves 
and purple or blue- violet flowers. It is found through- 
out India ascending up to i,6(K) m. in the llimalaycis, 
in moist, open grassy places, rice fields, river beds and 
ditches. 

Tlic plant is reported to contain a bitter principle. 
It is used for bilious affections and dysentery in 
Indo-Cbina. Elsewhere it is used in poidtices for boils, 
sores, ringworm and itches (Wehmer, II, 1133: 
Crevosv &: Petelot, Bull. ccon. Indoch., 1934, 37 , 546 ; 
Burkill, 11 . 1350). 

I., cordifolia (Colsmann) Merrill syn. VandcUia 
[ycdunculata Bcnth. (Mar. — Gadagvet) and L. p\xi’ 
daria All. syn. VandcUia crccia Bcnth., V. pyxu 
daria Maxim. -Vakapuslipi) arc found almost 

throughout India up to 1,200 1,700 m. in the Hima- 
layas. They are used as a remedy for gonorrhoea. In 
Malaya, L. cordifolia is used as a substitute for L. 
Crustacea (Kirt. tV Basil, III, 1821 : Burkill, II, 1351). 

I., oppositifolia (Ret/.) Mukerjee syn. VandcUia 
oppositifolia Haines (Mundart— //c//rfcgc/ ba, 
l^arandt ara) is a herb found in Bihar, Deccan, Carna- 
tic, Bombay and west coast. The roots are used 
locally for fevers. L. ruclloides (Colsmann) Mukerjee 
syn. Bonnaya rrptans Spreng. {CjAKO-^Sarn-thain- 
lauif, sam-irlcliliok). a creeping herb found in Nepal, 
Sikkim, Assam, Khasi and Garo hills, Orissa (Puri), 
Bombay and S. Konkan, is u.sed in Lakbimpur 
(Assam) in external a[)})licarions for worms in the 
skin (BrCvSsers, 106 : Kirt. & Basu, III, 1822). 

LINOCIERA Sw. (Olcaccae) 

A genus of shrubs or trees distributed in tropical 
and sub tropical regions. About 9 species are found 
in India. 

L. ramiflora (Roxb.) Wall. syn. L. intermedia Wight 
(including var. roxburghii C. B. Clarke) 

D.E.P..‘ IV, 643 ; Fl.^Br. Ind., Ill, 6oi). 

Tf.l. -Satapala, ccdancrcdu ; KAS.—Kunde ; Oriya 
— A/ usurdanta, suUuH-kuda. 

A shrub or a small to moderate-sized evergreen 
tree found in the sub-IIimalayan tract from Ravi 
eastwards and in eastern, central and southern India 
up to an altitude of i,8(X) m. Bark brownish ; leaves 
elliptic-oblong, up to 20 cn«. long : flowers in panicles, 


small, whitish : drupes ellipsoid, bluish purple, 
I -.seeded. 

The wood is white or pale brown, moderately hard, 
close-grained and durable. It is used for agricultural 
implements and in turnery. In Malaya and Philip- 
pines, the wood is used for planking, posts and frames 
of dwellings and boats (Gamble, 473 ; Burkill, II, 
' 35 ')- 

The bark is bitter ; it is used for intermittent fevers 
in Queensland. The plant exudes a wax when injured 
by insects (Webb, Bull. Conn. sci. industr. Res. 
Ausl., No. 232, 1948, 121 ; Wehmer, II, 959). 

L. terniflora Wall. 

FI. Br. Ind., Ill, 610. 

Assam — Komponesilong-asing. 

A moderate-sized tree found in Sibsagar and 
Khasi and Lushai hills in A.ssam and in Andaman 
Islands. Bark greyish, fissured ; leaves elliptic to 
ovate-oblong, coriaceous ; flowers in panicles, small, 
white ; drupe ellip.soid, dark blue. 

The wood is white with a pinkish tinge, turning 
pale brown with age, fine-textured, hard and heavy 
(wt., 49 Ib./cu.ft.). It is suitable for turnery, brush 
backs, mathematical instruments, shuttles and bob- 
bins, and for tool and axe handles [Chowdhury & 
Ghosh, Indian For. Rec., N.S., Util., 1946, 4(3), 13]. 

L. malabarica Wall, ex G. Don (Tel. — Punagamti, 
punicce ; Tam. — Porumbalu ; Kan. — llarivage ; Mal. 
— Kaletala ; OmYA—Pochandia ; Kiiandala — Kumli, 
par jamb) is a small or moderate-sized tree with broad- 
ly lanceolate leavers and fascicles of white fragrant 
flowers found in the forests of Deccan Peninsula. 
The tree is very attractive when in full bloom. 
The wood of this tree is reddish grey, lustrous, 
smooth, close-grained, hard and heavy (wt., 52-65 
Ib./cu.ft.): it resembles boxwood |Talbot, II, 196: 
Gamble, 473 : Santapau, Rcc. hot. Surv. India, 1953. 
I6{i), 163]. 

L. zeylanica Gamble syn. L. purpurea Vahl (Tel. 
— Punisi ; Tam. — Kattumancari) is a small tree 
found in the forests of South India. The wood (wt., 

55 yellowish white, hard and close- 

grained like boxwood. It is suitable for sash bars and 
light structural work (FI. Madras, 794 ; Lewis, 272). 

LINOSTOMA Wail. (Thymelaeaceae) 

FI. Br. Ind., V, 197. 

A small genus of shrubs distributed chiefly in 
South-East Asia and Brazil. Two species are found 
in India. 


118 



LINUM 


L. dccandrum Wall. (Assam — Bakcdbili, niteng) is 
an evergreen, erect or climbing shrub, commonly 
found in the forests of Assam up to an altitude of 
1,500 m. in Lushai hills. Leaves oblong-lanceolate or 
elliptic-oblong, coriaceous ; flowers fragrant, greenish 
white, in 6-10 flowered umbellate cymes ; fruits 
broadly ellipsoid, hard or corky, with inllated 
perianth at base. The stem and fruit of this species 
are used for poisoning fish ; they arc highly toxic and 
kill all the fish in treated waters (Chopra, 1958, 587 ; 
Bor, 147). 

Linseed — see Linum 

LINUM Linn. (Linaceae) 

A genus comprising mostly herbs and shrubs found 
in the temperate and sub-tropical parts of the world, 
particularly countries bordering the Mediterranean 
sea. Three or four species are recorded in India, of 
which L. usitatissimum is cultivated widely for its 
oil-seed. L. bienne Mill. syn. L. angusli folium Iluds. 
and L. grandiflorum Desf. arc grown in gardens for 
ornament. 

L. mysorense Hcync 

D.E.P.. V, I ; FI. Br. Ind., I. 411 ; Fyson, II, PI. 44. 

An annual glabrous herb, c. 47 cm. high, found in 
W. Himalayas at altitudes of 920-1,500 m. and in 
Punjab, Rajasthan and hilly regions of Deccan and 
western ghats. Flowers yellow, in panicled corymbs ; 
capsule globose, 0.3 cm. diam., containing small flat, 
oval seeds. This plant is reported to be a collateral 
host, during summer and rainy season, of Melamp- 
sora Uni (Ehrenb.) Lev., a serious rust on linseed 
plants in India (Mathur et al., Indian Oilseeds /., 
•956-57. 1 » • 45 ). 

L. perenne Linn. 

D.E.P., V, I ; FI. Br. Ind., I, 411. 

A perennial herb, 30-90 cm. high, found in north- 
west Himalayas at altitudes of 3,(X)o-4,ooo m. Leaves 
lanceolate : lower oblong, upper linear-acute ; flowers 
blue, in few flowered cymes : capsule as large as pea. 

An ornamental plant suitable for mixed borders. 
The seeds arc considered emollient in Europe and 
China (Gopalaswamicngar, 443 ; Kirt. & Basu, I, 410). 

L. strictum Linn. 

D.E.P., V, I ; FI. Br. Ind., I, 411. 

An annual herb, 30-50 cm. high, found in north- 
west Himalayas up to 3,500 m. and in Punjab. Leaves 
linear-lanceolate, rough ; flowers yellow ; capsule 
globose, 0.5 cm. diam. 


This species is reported to be cultivated in 
/Mglianistan for seed oil and fodder. The seeds arc 
considered emollient in Spain (Kirt. & Basu, I, 441). 

L. usitatissimum Linn. Linseed 

D.E.P., V, 2 ; C.P., 719 : FI. Br. Ind., 1 , 410. 

Sans. Atasi ; Hindi Alsi, tisi ; Beng. — Masina : 
Mak. — javas ; Guj. — Alsi ; Tei.. — Avisi ; Tam. — AH- 
virai ; Kan. — Agasi. 

An erect annual, 60-120 cm. high, cultivated 
throughout the plains of India and up to an altitude 
of 1,800 m. ; flowers small, blue, bluish violet or 
wliitc, in terminal panicles ; fruits capsular, with five 
cells, each containing 2 seeds ; seeds yellowish or 
blackish brown, small, flattened, oval, with smooth 
shining coat. 

L. usilatissimuni is unknown in a wild state and its 
origin is uncertain ; it is considered by some to be 
closely related to, or derived from L. bienne Mill, 
syn. L. angustifolium Huds. which occurs wild in 
the Mediterranean region ; some consider it to be 
indigenous to localities between the Persian gulf and 
the Caspian and Black seas, while others ascribe its 
origin to India. However, two main geographical 
groups corresponding to the oldest areas of cultiva- 
tion and the centres of diversity may be rccogni/.cd. 
Linseed has been cultivated since antiquity in the 
Mediterranean coastal lands, Asia Minor, Egypt, 
Algeria, Tunis, Spain, Italy and Greece ; in all these 
areas, only fibre-flaxes arc cultivated. The second 
group compri.ses south-west Asia, including 
Turkestan, Afghanistan and India ; only oil types are 
grown in these areas. In Asia Minor and in South 
Russia, transitional forms are cultivated for both 
fibre and oil (Ames, 65 ; Vavilov, ^i, 33, 36 ; Hector, 
11,811). 

The seeds of the plant yield on expression a (juick- 
drying oil : the stalks yield flax, the well-known 
textile fibre. The end use determines the selection of 
lAnuni types for cultivation. Types grown for fibre arc 
generally slender tall-growing, non-tillering and spar- 
ingly branched. Those grown for seed arc usually 
dwarf in habit, much-branched and profusely tiller- 
ing. Lmum is cultivated in India entirely for the 
seeds ; two ecological types may be distinguished : 
(i) Gangctic types of the alluvial soils of North India 
and (it) Peninsular types grown south of Ganges and 
Jumna. Gangetic types possess shallow tap-roots 
while Peninsular types have roots which penetrate 
deep into the soil and develop secondary roots. The 
latter are generally quick-growing and early- 
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FIG. 46. LINUM USITATISSIMUM— HABIT IN PENIN.SULAR 
GANGKTIC TYPES 


maturing, while alluvial types are slow-growing and 
late-maturing. Seeds of Peninsular types are large and 
rich in oil, hut the yield of seed is low : those of 
alluvial types are small, poor in oil, but give high 
yields of seed. The Indo-Gangetic types and the 
Peninsular types are considered merely biological 
variants of the original ancestor of L. usitatissimum 
introduced from Central Asia : or they may be deri- 
vatives of crossing the original ancestor wdth L. stric- 
turn in the north, and L. perenne and L, mysorense 
in the south (Howard Khan, Mem. Dcp. Agric. 
India, Bot., 1922-24, 12 , 135; Hunter & Leake, 90; 
Hector, II, 795). 


CULTIVA'nON 

Linseed is grown widely in many sub-tropical 
countries. Before the outbreak of World War II, 
Argentina was the leading producer with Soviet 
Union and India ranking second and third respec- 


tively. In recent years, U.S.A. and Canada, which 
were relatively unimportant as producers of linseed 
before the war, have expanded production. At 
present, U.S.A. is the largest producer, followed by 
U.S.S.R., India and Argentina ; Canada and Uruguay 
occupy the fifth and sixth places (Table 1). 

India at present accounts for c. 20% of the world 
acreage and 12% of production. Among the major 
oilseed crops grown in India, linseed accounts for 
c. 12 Vo of the total acreage and occupies the 
fourth place (rable 2). The acreage under linseed is 
c. 39 lakhs and the production of linseed 4 lakh 
tons. 

Linseed is grown all over the country, excepting in 
Kerala, Madras, Delhi, Manipur and Tripura and in 
Andaman and Nicobar Islands. Uttar Pradesh and 
Madhya Pradesh together account for nearly two- 
thirds of the total production. Uttar Pradesh is the 
largest producer accounting for more than 35V{; of 
the total production, the main areas being Maiii- 
piiri, Amirpur and Allahabad districts. Madhya 
Pradesh accounts for a little over 2ij% of production, 
the main areas being Drug, Raipur, Bilaspur, Rewa 
and Balaghat districts. Other important linseed pro- 
ducing States in order of importance are Bombay, 
Rajasthan and Bihar. The distribution of acreage and 
production of linseed in the various States in India is 
given in Table 3. 

Climaie & Soil Linseed is cultivated througbout 
the plains of northern India. It is grown predomi- 
nantly as a rainfed, cold season rabi crop. A moderate 
amount of rainfall (75-175 cm. per annum) is best 
suited for its growth. It grows in almost all types of 
soils where sufficient moisture is available, but thrives 
best in heavy soils with high moisture retaining capa- 
city. It grows well in the black cotton soils of central 
and Peninsular India, particularly where durum 
wheats are cultivated. In such areas it competes with 
wheat, the preference for one or the other crop 
depending on the demand and price. In northern 
India, it is grown chiefly in the suli-montane districts 
and does best on heavy loam soil (Burns, 71). 

Cultivated types — Indian linseed is classified into 
two broad groups for commercial purposes, namely, 
yellow and brown ; the latter is further graded into 
bold, medium and small ; different grades in the 
yellow group arc not recognized for trade purposes, 
although for breeding purposes distinctions are made 
according to size of seed. Yellow types are preferable 
to brown types, because of the higher percentage of 
oil and lighter colour of oil and cake. 
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TABLE 1— ACREAGE AND PRODUCTION OF 

LINSEED 

IN DlFrERENT COUNTRIES 



Coumry 

Area (thousand 

acres) 



Produetion 

(thousand tons) 












'l938 39 

1953-54 

1956 57 

1957 58 

1958 59 

1938 39 

1953 54 

1956 57 

1957 58 

1958 59 


to 1955 56 





to 1955 56 





(av.) 





(av.) 




Argentina 6/>89 

1,766 

3,176 

3,576 

3,166 

1,425 

365 

610 

620 

610 

C'annda 210 

1,339 

3,041 

3,486 

2,623 

31 

341 

862 

479 

569 

India 3,783 

3,498 

4,156 

3,318 

3,708 

429 

394 

384 

249 

430 

Soviet Union f 5,931 

3,155 

4,744 

4,176 

3,954 

450 

308 

600 

550 

560 

United States of 










Ameriea 1,032 

5,324 

5.862 

5,599 

4,014 

201 

1.001 

1,200 

648 

989 

Uruguay 452 

257 

324 

341 

321 

110 

58 

68 

71 

64 

Others f- 1,070 

1,424 

1.470 

1,423 

l..W» 

239 

383 

379 

343 

358 

Total! 19,167 

16,763 

22,773 

21,919 

19.152 

2,885 

2.851 

4.103 

2.960 

3,580 

* Oils and Oilsfrds, (%)iiinion\veallh Kcon. (!oinni., I960, 

135, T ahh 

•s 116 A 11 

7. tineludes :ire;i eidtix.ated for fibre 

.and seed. 


TABLE 2--ACREAGE AND PRODUCTION OF 

OILSEEDS 

IN INDIA 







Area 




Produetion 




(thousand at res) 




(thousand 

tons) 



1957-58 

1958 59 

1959 60 


1957 58 

1958 59 


1959 blT 

Groundnut (pods) 

14,876 


14,575 

1 5,305 


4,43t» 

4.812 


4,390 

Sesaniuin 

5,171 


5,500 

5,510 


354 

511 


392 

Rape A' Mustard 

5,979 


6,021 

7,1 67 


923 

1.025 


1,037 

Linseed 

3,129 


3,965 

3,921 


249 

447 


425 

Gas tor 

1,184 


1,203 

1,178 


89 

112 


108 

Total 

30,339 


M.264 

33,081 


6,051 

6,907 


6,352 


TABl.r-: AND PRODUCTION OF LlNSfcHD IN DIFFEHLNT STAIRS IN INDIA 




Area 

(thoiisanrl aeres) 



ProdiK tion 
Thoiis.'ind tons) 



l*o7 58* 

1958 59* 

1959 60* 

1957 58* 

1958 59* 

1959 6(1 

ISIadhya Pradesli, 

1.045 

1,523 

1,497 

54 

138 

144 

Uttar Pradesh t 

769 

89.^ 

847 

80 

158 

143 

Rotnbav 

602 

.=i94 

604 

53 

56 

54 

Rajasthan 

240 

294 

298 

20 

27 

25 

Uihar 

139 

284 

263 

II 

30 

26 

Mysore 

127 

128 

122 

II 

10 

9 

West Hetigal 

46 

95 

135 

5 

II 

10 

Andhra Pradesh 

75 

68 

72 

3 

4 

4 

Punjab 


29 

26 




Oris.sa 


37 

37 


4 


Janinni A Kashmir 

20 

15 

15 


3 


Assam 



.1 

(a) 

1 

1 

MiinatTial Pradesh 



2 

(a) 

(a) 

(a) 

Total 

3.129 

3,965 

3,921 

249 

447 

425 

* Partially rexi.sed 

tstiniales. ♦♦Final 

estimate. fData include 

crop grown pure 

as well as mixed. 

(.a) beh)W .500 

tftns. 
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Considerable work has been done in India in select- 
ing types suitable for various States. About 123 types 
of linseed have been collected from various parts of 
India and grouped under 26 categories. The diploid 
chromosome number of Indian types is 30, while that 
of flax types, grown in Europe and other countries, 
is either 30 or 32. Attempts to grow flax types in India 
have met with little success (Howard & Khan, loc. 
cit. ; Richharia & Kalamkar, Indian /. agric, Scu, 
1939, 9 , 561 ; Darlington & Animal, 103 ; Hector, 
II, 81 1). ‘ 

Interspecific hybridization involving the following 
crosses has been effected : L. nsitalissimum x L. 
bienne ; L, usitatissimum x L. africantim ; L. perenne 
xL. austriacum, A large number of useful strains 
have lieen developed by transference and recombina- 
tion of useful genes and some strains resistant to wilt 
or rust have been evolved. Further, by crossing 
Indian linseeds with foreign fibre types, strains use- 
ful for seed as well as fibre have been evolved. The 
characteristics of some of the types evolved as a result 


of acclimatization, selection and hybridization, and 
recommended for distribution in different States in 
India arc given in Tabic 4 (Howard & Khan, loc, cit. ; 
Graham & Roy, Agric. /. India, 1924, 19 , 28 ; Shaw 
et al, Indian J. agric. Sci., 1931, 1 , i ; Deshpande & 
Mallick, ibid., 1937, 7 , 841 ; Deshpande, Indian J. 
Genet., 1950, 10 , 7 ; Deshpande & jeswani, ibid., 1951, 
11 , 2 ; 1954, 14 , 22 ; Curr. Sci., 1955, 24 , 202 ; Singh 
et al., Indian J. Genet., 1956, 16 , 29). 

Culture — In Peninsular India, seed is generally 
sown in October or even earlier and harvested in 
February, whereas in the Gangetic alluvium, it is 
sown in November and harvested in March or April. 
In the hilly districts of Uttar Pradesh, it is sown in 
September or October. In Kashmir, the crop is sown 
in February and March. Seeds arc, as a rule, sown in 
lines, but in some areas, particularly for growing with 
a standing crop of paddy, seeds are sown broadcast ; 
tbe latter system is called utera in Madhya Pradesh 
and paira in Bihar : under this system the sowing 
time is earlier by about a month. When sown in 
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TABLE 4— CHARACTERISTICS OF SOME LINSEED 

TYPES DISTRIBUTED 

IN INDIAN 


State 

Improved 

strain 

Season 

Sowing Harvesting 

Duration 
of crop 
(days) 

5?ecd 

colour 

Av. 

yield 

of 

.seed/ 
acre (Ib.) 

Oil 

(%) 

Special featiirc.s 

Bonihny 

Linseed No. % 

Oct. Nov. 

Feb. -Mar. 

120 

Dark 

brown 

4(M 

40 41 

Bold seeded, high 
yielding, early 
ripening ; suitable 
for Vidharba tract 


„ No. 55 

do. 

do. 

120 

do. 

.179 

41 42 

Bold seeded, high 
yielding, early 
ripening ; suitable 
for Berar tract 


Malsiras No. 10 

Karly Oct. 

Jan. end 

no 

Brown 

4.10 

41.1 

High yielding ; 
superior oil ; 
suitable for 

Nasik tract 


Sholapur No. .'^0 

do. 

do. 

115 

do. 

400 

42.7 

Bold seeded ; 
suitable for 
Sholapur dist. 


Cross 4/29t 

Oct. 

Pel). 

120 

do. 

•in 


High yielding, 
partially rust* 
resistant, early 
type : suitable 
for Vidharba 

Biliar 

Linseed Teesi 
(Imp.. 1195/2) 

Oct. Nov. 

Pel). Mar. 

no 

do. 

L.SO0 

41.5 



P. 142 

do. 

do. 

120 

do. 

1,442 

42 



BR-I 

tio. 

do. 

120 

do. 

445 

42 



BK-2 

do. 

do. 

120 

do. 

816 

42 



BR-9 

do. 

do. 

no 

do. 

261 

42 



BR-12 

do. 

do. 

115 

do. 

.11.5 

42 


Madhya 

Pradesh 









(i) Kast 

North 

M.P. 

No. 5 

Sept.- Ocr. 

Oee.-jan. 

120 150 

Deep 

brown 

208-40,5 

40 41 

Susceptible to 
wilt fit rust 


No. 55 

do. 

do. 

120-150 

do. 

180 .180 

41 42 

do. 


No. 4/29 

do. 

do. 

120-150 

do. 

20.1 


do. 

(il) West 

M.P. 

(Mnlwa) 

Mahohn 

Oct. mid. 

Feb. end 

1.55 

Brown 

29.5 

40.2 

do. 


N.P. II 

do. 

do. 


Yellow 

246 

40 

Resistant to wilt 
susceptible to 
rust 


I.P. 1 6 

do. 

do. 

1.55 

Brown 

257 

40.7 

Susceptible to 
will fi: rust 


T.P. 11 

Oct. 

Mar. 

150 

White 

210 

42..5 


Orissa 

Mayurbhanj 

Oct. end 

Feb. mid. 

no 

Brown, 

.shining 

800 


Bold seeded, 
early ripening, 
rust fit wilt 
resistant 

Punjab 

K 2 

Oct. 

Apr. 

175 

Brown 

750 

46.5 

Bold seeded, 
early maturing, 
rust* fit wilt 
resistant, high 
yielding 
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TABLE A— ioutd. 


Sraie 

Improved 

strain 

Season 

Sowing Harvesting 

Otiration 
of crop 
(da vs) 

Seed 

colour 

Av. 

yield 

of 

seed/ 
acre (lb.) 

Oil 

(%) 

Special feature.s 

Uttar 

l*r;ulc.sb 

T'ype No. I 

Mid Oct. 

Karly Mar. 

135 140 

Brown 

1.200 1,600 

40.9 

Bold seetled, 
early, bigb 
yielding, ru.st 
re.sistant ; .suit- 
able for Bundelkband 
tract .south of 

Januina A: (>anges 


Type No. 126** 

Oct. 

Ntar. 

140 145 

do. 

800 

41.4 

Resistant to rust ; 
bold seeded ; 
suit.able for 
upper Oangetic 
alluvial tract 

WVsi ReiiKal 

WB No. .^7 

Oct. -Nov. 

Feb. Mar. 

138 

do. 

480 

40 

A dual purpose 
strain yielding 
libn* and seed 
of high oil 
content 


WB No. 67 

do. 

do. 

l.VS 

do. 

720 

.V).S 

Drought resistant 


* hupruiTtl Slmitis of Oilseeds mainltdncd in dt[ferent Stales in India and their eharaeterislies, huiiaii rent. Oilseeds CUtinin., 
** Singh & Oangwar, Indian Oilseeds |y5S, 2H), : t J<>j;lflvar Deshiniikli, ibid., 195S, 2(v^), HI. 


lines, the ilistance between rows ranges between 9 and 
12 in. The seed rate for raising a pure crop is 20-30 
II). /acre ; when grown as iilcra or prtira crop, the 
rale is 10 Ih./acre. 

1. inseed is grown both as a pure as well as a mixed 
crop. As a mixed crop, it is sown either on the margins 
of fields or in rows aliernating with the other crop. 
In Bihar, linseed is largely grown with wheat, gram, 
barley, pea or paddy. In Bombay State, a large propor- 
tion of the crop is sown mixed with jowar and occa- 
sionally with wheat and gram. In Madhya Pradesh 
and Rajasthan, the mixture is with wheat or gram. 
In Uttar Pradesh, lin.seed is sown mostly with wheat, 
barley, gram, jowar, rapeseed and mustard : nearly 
So",, of the total sown area in Uttar Pradesh is under 
mixed crop (Table 5). Since cattle, deer, wild pigs, 
etc. do not relish the linseed plant, r.owing on 
margins provides protection to other crops. Sow- 
ing linseed with a leguminous crop, like gram 
or pea, helps to conserve the fertility of the soil 
and mixed sowing provides a sort of insurance 
against weather hazards (l)utt & Pugli, 276 ; 
Yegna Narayan Aiyer, Indian J. agric, Sci., 1949, 
*9,502). 

The bulk of linseed is raised as a rainfed crop in 
India ; only in restricted areas of Bihar, Uttar 
Pradesh, Rajasthan and Punjab, the crop is irrigated. 
In trials carried out a^ Kanpur (U.P.), it was found 
that irrigation enhances the yield of seed (Stewart, 


I’ABLR 5-ARnA IJNDKR PURE AND MIXED SOWING OF UNSEED 
IN UTTAR PRADESH 

Area (thoiisand acres) 



Pure 

Mixed 

Total 

1951-52 

112 

632 

744 

1952 53 

119 

665 

784 

1953-54 

146 

742 

888 

1954 55 

127 

712 

•8.39 

1955 SG 

156 

7 25 

881 

1956 .S7 

186 

651 

837 

1957 58 

87 

677 

764 

)9.s8 59 

203 

690 

893 

1959 60 

178 

669 

847 


Rep, Soil Fertility Investigation in India, Indian 
Conn, agric. Res., 1947, 146). 

Application of nitrogenous fertilizers has a bene- 
ficial effect on yield. In trials conducted at the Indian 
Agricultural Research Institute, New Delhi, with a 
rust resistant strain R.R, 9, it was found that on an 
average, 40 lb. of nitrogen gave an increase of 8.11 
md. seed per acre, response witli ammonium sulphate 
nitrate ranking highest, followed closely hy ammo- 
nium sulphate, calcium ammonium nitrate and urea. 
Trials under rainfed conditions in the hilly tracts of 
Uttar Pradesh with /C-2 type showed that nitrogen 
at 16 and 32 Ih. per acre applied as ammonium 
sulphate gave an increased yield of 1.28 and 2.16 md. 
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per acre respectively ; dosage higher than 32 1]>./ 
acre was not reiniinerative | Howard Khan, loc. 
cit. ; Stewart, loc. cit. : Mathiir, Indian Fnifr^ N.S., 
1959-60, 9(9), 18 ; Negi & Kingra, Indian Oilseeds /., 
•959. 3(3), 162]. 

Diseases & Pesis — Rust and wilt arc the two serious 
diseases of linseed crop in India. Rust is caused by 
Melanipsora lini (Khrcnl).) Lev. and in some loca- 
lities, the attack is so severe that the crop is not 
worth harvesting. The disease makes its appearance 
as bright, yellow or orange coloured pustules on 
leaves, stems and lloral parts. The pustules contain 
innumerahlc uredospores, which get readily dis- 
persed by wind. There are nearly 40 physiological 
races of rust affecting linseed types in various 
countries, and new races arise by hybridization, 
rive physiological races of Mehnnpsora hni have 
been established in India. Some of the American 
and Australian I'lax types are immune and a large 
number of resistant strains have been evolved as a 
result of crossing between Australian and Pusa 
types, combining rust resistance and other desirable 
characters, such as early maturity, high yield, high 
oil content, white seededne.ss, etc. | Butler, 324: 
Mundkur, 158 : Brooks, 2S7 : Prasad, hidian Pliyto- 
path., 1948, 1, I ; Rep. ai^ric. Res. Inst. Pnsa, 1955, 
90 ; 1956, 90 : Deshpande, Indian J. Oenet., 

1950, 10, 7 ; Deshpande cV' Jeswani. ibid., 1951. 11, 
196 : 1954, 14, 22 : Mcrh < 5 ^' Kiilkarni, Indian Oil- 
seeds /., 1956-57, 1, 105 ; 1958, 2(3), 13 : Mathur ct 
al., ibid., 1956-57, 1 , 145]. 

Wilt caused by Pnsannnt lini Bolley is also wide- 
spread and the plant may be affected at any time 
during the growth period. Its incidence is favoured 
by high soil temperature. Several physiological races 
of the fungus are known. The organism is carried 
by soil and use of wilt-resistant strains is the only 
solution for raising good crops. Use of healthy 
seeds and burning of affected ones afford subsidiary 
measures of control (Brooks, 397 : Deshpande & 
Jeswani, C//rr. Sci., 1955, 24, 202 ; Singh et al., loc. 
cit. : Merh & Kulkarni, loc. cit.). 

Powdery mildew caused by Krysiphe polyphaga 
Hammcrlund (syn. Oidiuni lini Skoric) and blight 
caused by Alternaria lini Dey are two other diseases 
of linseed. These are not particularly serious in 
India (Brooks, 132 ; Chona et al.. Bull. Indian 
Conn, agrie. Res., No. 81, 1958, 25). 

The following insects have been reported to cau.se 
injury to lin.seed crops: leaf eating in.sects: Dia- 
erisia ohliqna Wlk., Pwdetiia litura F., Ptusia 


oriehaleea K., Laphygma exigua Hubn. : stem cut- 
ting insects: A gratis ypsilon Rott. : flower eating 
insects: Dasyneura lini Barnes. The caterpillar of 
Dasyneura lini feeds upon the ovary when the crop 
is in bloom and prevents capsule formation. 
Lapiiygma exigua feeds generally on leaves; it 
damages al.so buds, flowers and fruits {Metn. Dep. 
Agric. Madras, No. 36, 1954, 1062). 

Harvest & Yield — ^The crop is harvested in Feb- 
ruary and March before the capsules are dry. Plants 
are cut close to the ground with a sickle or uprooted 
by hand. They are allowed to dry in the field for 
a day or two, then threshed and seeds separated 
from chaff by winnowing. 

The usual method of threshing by bullocks irod- 
ding over the plants, breaks the stems into small 
pieces rendering them unsuitable for the recovery 
of long fibres. It is considered advantageous to ex- 
tract seeds from capsule-bearing parts by beating 
with sticks or wooden mallets or by band-driven 
de.seeding machines. The stems may be collecteil 
and separately treated for the extraction of fibres. 

Tlie yield of linseed in different States is given in 
Table 6. The yield is low as compared with the 
average of 440 Ib./acre in U.S.A., 471 lb. in Argen- 
tina, 544 lb. in Uruguay, 560 lb. in Canada, and 
861 lb. in Mexico. A large number of improved 
ty[)es, now being distributed in some States, have 
given yields as high as 1,500-1,600 Ib./acre ('Fable 4) 
(Indian Oilseeds Atlas, Indian Oilseeds Comm., 
1958, 62, Table 27). 


TABI.K 6->AVRRAGE 

YIELO OF 
(111. 

LINSEED IN 
, acre) 

DIFFEREN'r 

STA'I'ES * 


1956 57 

1957 58 

1958 59 

1959 60 

Uttar Pradesh 

297 

2.V^ 

396 

,378 

Rajasthan 

262 

187 

206 

188 

Jammu Kashmir 

44S 

487 



Orissa 

192 

192 

192 

. . 

Rihar 

]M) 

177 

237 

221 

West heiigal 

I4S 

24.1 

259 

166 

Bombay 

204 

197 

211 

200 

Madhya Pradesh 

170 

116 

203 

215 

Mysore 

142 

168 

. . 

. . 

Punjab 

154 

166 

166 

. . 

Andhra Pradesh 

I5I 

144 




•InformaticMi from Dep. Kcon. & Statist., Ministry ol Food & 
Agriculture, Covt. India. 


125 



LINUM 


Storage — Linseed is stored in giinny bags, each 
holding 2 - 2 14 Stored seed is not subject to 
weevil attack and if ade(|uately protected from 
moisture and dampness, it can he preserved for a 
considerable time without deterioration. Seeds 
stored in a hot humid atmosphere yield oil contain- 
ing free fatty acids ; the oil expressed from seeds 
siored in a damp atmosphere is dark in colour 
(/IgrzV. Marketing India, Rep. Marketing Linseed, 
Marketing Ser., No. 89, 1956. iii). 

UllIJZA'lION AND CoMPOSinON 

The hulk of linseed produced in India is utilized 
for the exjiression of oil : only a small part is used 
for sowing, feeding and miscellaneous purposes. The 
consumption of linseed for various purposes during 
the triennium 1953-54 to 1955-56 was as follows: 
extraction of oil, 87.9 : sowing, 5.0 ; stock feeding, 
medicinal and other purposes, 7.1“... 

Linseed (si/.e, 4-7 mm. ; wt., 3.5-11 mg./see<l) has 
a mild odour and a mucilaginous oily taste. In the 
eastern parts of U.R and in Punjab it is used in the 
preparation of a kind of sweet, locally known as 
phii. In Madhya Pradesh and Bombay it is used in 
chutneys. Linseed is used as a nutritive feed for 
livestock. Feeding trials on cattle have shown that 
ground linseed is entirely satisfactory as a protein 
supplement. It contains: total digestible nutrients, 
108.8% ; digestible proteins, 14.8% ; nutritive ratio, 
6.6. It is, however, not much relished by animals 
and is fed only to a limited extent after crushing 
and boiling in water. It is mixed in cattle rations to 
act as a conditioner and is also given to race horses 
and polo ponies. Kxcessive feeding of linseed to pigs 
is liable to produce soft pork (Morrison, 485 ; Rep. 
Marketing Linseed, 1956, 31 : I,ander, 184, appx I). 

Lin.seed is oflicial in the Indian pharmacopoeia. 
It is demulcent, emollient, expectorant and diuretic; 
it is astringent after roasting. The whole seed is 
prescribed as a laxative in the same manner as 
ispagbula (Plantago ovata Forsk.). The mucilagin- 
ous infusion, linseed tea as it is called, is used inter- 
nally ;is a demulcent in colds, coughs and bronchial 
affections, inflammation of the urinary tract, gonor- 
rhoea and diarrhoea. The mucilage is dropped into 
the eye in irritable - conditions of conjunctiva. 
Grushed linseed is applied in the form of a poultice 
for the relief of local inllammations and ulcers, 
boils and carbuncle ; linseed poultice retains heat 
better than most substitutes and acts as a suppu- 
rative. Linseed poultice is also useful in bronchitis 


and other deep-seated inflammations and has been 
recommended for gouty and rheumatic swellings 
(LP., 368-69; Nadkarni, I, 744-45; Wallis, 215: 
U.S.n., 1955, 758; Wren, 21 1 : Clietn. Ahstr., 1947, 
2535). 

In veterinary practice, linseed infusion is used as 
a demulcent drink for horses, cattle and occasion- 
ally, for small animals. Crushed linseed is used as 
a poultice : the surface of the poultice may be 
smeared with oil to prevent its adhering to the skin 
(B.V.C., 199-200). 

Linseed oil is by far the most important commer- 
cial product derived from the seed. It is highly 
valued as a drying oil and extensively used in the 
paint and varnish industry and in the manufacture 
of linoleum. 

Linseed cake obtained after the extraction of oil 
is highly valued as a protein supplement for live- 
stock. The imicilagc extracted from linseed or lin- 
seed cake is used in cosmetic and pharmaceutical 
industries. Linseed straw yields a fibre which is 
somewhat inferior to flax in (pialiiy. The fibre is 
used as such or after cottoni/.ation. 

Linseed-boll chall serves as a good roughage 
for cattle and horses. It is a fair source of protein 
but like oat straw, it is deficient in other nutrients. 
Leaves, cortical tissue of stern and linseed bolls may 
be used as a low-grade feed for cattle and sheep : 
the mixture is a good absorbent for molasses 
(Morrison. 381, 489: Agric, Newslett., Anst., 

AGN/380, 1952, i). 

Chemical co??j/)oi7//o/z -Analysis of a sample of 
Indian linseed gave the following values: moisture. 
6.6; protein, 20.3: fatty oil, 37.1: carbohydrates, 
28.8 : fibre, 4.8 ; mineral matter, 2.4 ; calcium, 0.17 ; 
and phosphorHs. 0.37^0 : iron, 2.7 mg./ 100 g. ; the 
seeds contain: carotene (as vitamin A, 50 i.u./ioo 
g.), thiamine, riboflavin, niacin, pantothenic acid, 
choline (0.91-1.18 mg./g. as choline chloride) and 
vitamin E (4.7 mg. / too g.). Linseed required for 
medicinal use should contain : foreign organic 
matter, ]J> i.o; fixed oil, <( 25.0: ash, ]}>5.o ; and 
water soluble extract, <( 15.0% [Hlth Bull., No. 23, 
1951, 42; Morrison, 1108; Cheni. Ahstr., 1945, 39 , 
2342 : Brown, /. Set. Fd Agric., 1953, 4 , 161 ; I.P., 

368-69). 

The oil content of seed varies according to the 
type of linseed grown and the climatic conditions 
under which the crop has been raised. Bold seeds 
generally contain more oil than small seeds 
(Table 7), Drought and high temperature during 
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TABLE 7-OIL CONTENT OF 

LINSEED* 

Si/c & colour of seed 

Oil content 
% 

Bold yellow 

41.85-42.69 

Bold fawn 

43.51-44.76 

Jiold brown 

42.32-44.36 

Medium brown 

38.91 39.38 

Small brown 

35.12 40.07 

• Howard & Kban, Afeoi. Def*. At^riv. Imtia, Bat., 1922-24, 
12, 180. 


FABLE 8-CHANGES IN OIL CONTENT AND IODINE VALUE WITH 
THE DEVELOPMENT OF LINSEED* 


Days after 
flowering 

Oil content 

/O 

Tod. val. 

10 

2.5 

114 

14 

15.1 

119 

17 

31.1 

127 

23 

37.0 

143 

28 

36.9 

170 

35 

36.8 

180 

51 

.36.3 

190 

• Uilditch, 1956, 441. 




the seed-filling period reduce the oil content of the 
seeds. The oil content and the iodine value of oil 
vary with the maturity of seed ('lahle S). Small- 
seeded varieties generally yield oil of higher iodine 
value than large-seeded ones. It has been observed 
that oils from the samv type of linseed grown in 
widely different climatic conditions show large 
variations in iodine value. Linseed grown in cooler 
regions yields an oil of higher iodine value than that 
grown in warm climates. The mean temperature 
(luring the period of seed development iiiHuences 
the iodine value of the oil ; also moisture deficiency 
during the period of seed ripening depresses the 
iodine value [Bailey, 1951, 169 70 ; Kckey, 534-35 ; 
Oils & Oilseeds y., 1953-54, 6(8), i6|. 

Crude linseed oil yields o.25'?^> phosphatides con- 
sisting of lecithin and cephalin. The component 
fatly acids of the total phosphatides are as follows: 
palmitic, 1 1 ; stearic, 1 1 ; hexadcccnoic, 4 ; oleic, 34 : 
linoleic, 20: linolenic, 17 : and unsaturated Co,,..*., 
3% (WittcofF, 483 ; Uilditch, 1(956, 253-54). 

Crude linseed oil contains a small aiiKnint of crys- 
talline wax with the following characteristics: m.p. 
76.6°; sp. gr. ** *", 0.977; n*" , 1-4437 J 


(Hu hi- Waller), 10.6 ; sap. val., 80.9 ; R.M. val., o.(x; ; 
Polcnske val., 0.05 : acid, val., o ; acet. val., 6.3 ; and 
unsapem. matter (ceryl alcohol), 43.14%. The wax 
contains: stearic acid, 18.7 ; cerotic acid, 32.5; ceryl 
alcohol, 43.1: and hydrocarbons, 7.0%: ceryl 
cerotatc is the principal constituent (Warth. 301). 

A watcr-soliihle resinous matter with antioxidant 
projierties has been isolated from crude linseed oil. 
It accompanies sterols in the unsaponifiahle fraction 
and accounts for the induction period observed in 
the drying of raw oil films (Thorpe, VII, 324; IX, 
26). 

The protein content of linseed varies from 16 to 
31*;,,. The principal proteins of linseed arc the 
globulins : two globulins have been is(dated, viz. 
linin (N, 17.0*;., ; S, 0.6%) and colinin (N, 16.7- 
17.0';,, ; S, o.72-(^.79‘,’v,). Linseed also contains a gliitc- 
lin, hut albumin appears to he absent. The non- 
proiein nitrogen in the seed forms 21.7% of the total 
nitrogen ; soluble nitrogen compounds include pro- 
teoses and peptones. Linseed proteoses resemble 
cottonseed proteoses and possess similar allergenic 
and antigenic properties : they contain relatively 
high proportions of arginine and glutamic acid 
(Winton & Winton, I, 531-32 ; Vassel & Nesbitt, /. 
blnl. Cliem., 1(945, 159 , 571 : Smith et r//., ludustr. 

Chem., 1(946, 38 , 353; Chem, Ahsir., 0947, 
41 , 1280 : 1(952, 46 , 1523). 

The essential amino acids present in the total 
proteins of linseed are (expressed as g./i6g.N): 
arginine, 8.4: histidine, 1.5 : lysine, 2.5 ; tryptophan, 
1.5: |)henylalanine, 5.6: methionine, 2.3; threo- 
nine, 5.1 : leucine, 7.0: i.soleucine, 4.0: and valine, 
7.0. Lysine is the principal limiting amino acid. 
Linseed proteins possess high digestibility co-elli- 
cient (8(9.6 ‘'o at 8“,, level of protein intake) and 
biological value (77.4%) (Kuppuswainy et (//., 81, 87, 
yo). 

The carbohydrates present in linseed are mostly 
sugars (sucrose and laflinose), cellulose and mucil- 
age. Reducing sugars and starch do not occur in ripe 
seed although they are present in ajipreciablc 
amounts before maturation. Linseeds contain 2-7';.'. 
mucilage which is concentrated in the hulls : small 
seeds yield more mucilage than hohl ones. Linseed 
mucilage is essentially the lalcium salt ol a poly- 
saccharide acid, linseed acid, containing l)-xylose, 
I .-galactose, L-rhamnose, L-arahinose and l)-galac- 
luronic acid, together with a sugar which may he 
either ribose or fucose. Linseed also contains pectin 
which can be obtained (in 10% yield) from defatted 
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seed by extraction with dilute (o.oi N) hydrochloric 
acid. The jelly-foriiiing power of the pectin is c(jual 
to that of apple pectin, hut it imparts a slight dark 
colour to the jelly (Altschul, 608-09 ; U.S.D., 1955. 
758 ; Wallis, 215 : Smith & Montgomery, 356 ; Chem, 
Abstr,, 1954. 48 , 5297 ; 1951, 45 , 5843). 

Linseed contains a cyanogcnetic glucoside, lina- 
marin (acetonc-cyanohydrin-j 3 -glucoside, C,oH,70,.N, 
m.p. 142-43®) in small amounts ; an enzyme, linase, 
which acts on the glucoside (opt. temp., 40-50° ; 
opt. /?H, 5) releasing hydrocyanic acid, is also 
present in the seed. The concentration of linamarin 
varies with the variety, maturity and oil content of 
the seed ; seeds from fibre yielding types contain a 
higher percentage of glucoside than those from 
types grown for seed ; ripe seeds contain less gluco- 
sicie than immature seeds. Besides linamarin, linseed 
contains a crystalline glucoside (m.p. 167®, |rt| V, 
and a non-crystalline glucoside (|<ilV, * 
latter on hydrolysis yields glucose, /^-hydroxy-/?- 
methyl glutaric acid and an unidentified organic 
acid (Mcllroy, 22 ; Altschul, 609 ; Chopra et r//., 
250: Chem, Abstr., 49 , 3831). 

The cyanogenctic glucoside, linamarin, is j^resent 
also in the leaves, stems, roots, and flowers of the 
plant and several cases of death among livestock 
due to grazing on linseed jilant have been reported. 
Analysis of different plant parts for hydrocyanic 
acid (released mainly hy the hydrolysis of lina- 
marin) gave the following values: leaves, traces: 
stem tops after removal of flowers, 0.128 : flowers 
(before fertilization), 0.08 : flowers (after fertiliza- 
tion) with immature seeds. 0.692 : mature seed, 
0.06 : husk, 0.046 : and root, 0.067% (Chopra ct r//., 
2 ^0-^2 : Bagchi & Ganguli, Indian J. vcl, Sci., 19 v;. 

9; 60 . 

Other constituents reported to be present in linseed 
are: phytin (6.4% on defatted material), lecithin 
(0.88",, on whole seed), wax, re.sin, pigments, malic 
acid, acetic acid (?) and the enzymes lipase, protease 
and diastase. The concentration of pigments 
decreases on ageing and storage. j8-Carotene forms 
22-3(V;,, of the total carotenoids. A yellow flavin-like 
pigment has been isolated (Bolley & McCormack, 
/. Atnrr. Oil Clirni. Soc., 1952, 29 , 470 : U.S.I)., 1955. 
758 : Wehmer. 1 . 594 ; Clinn, Abslr., 1936, 30 , 1592 : 
1935, 29 , 2576). 

The constituents of linseed (ash content, 3.69%) 
ash are the following: potassium (K^O), 30.63; 
sodium (NaaO), 2.07: calcium (CaO), 8.10; magne- 
sium (MgO), 14.29: iron (Ke/).,), t.i2 ; phosphorus 


(l^Q.), 41.50: sulphur (SO;,), 2.34; chlorine, 0.16; 
and silica, 1.24%: trace elements: harium, chro- 
mium, cohalt, copper, lead, manganese, molyb- 
denum, nickel, silver, strontium, tin, titanium, 
vanadium, zinc, lithium and arsenic (Winton & 
Winton, I, 535 ; Chamberlain, E. Afr, agric. /., 
* 955 “ 5 ^» 21 , 103 : Wehmer, 1 , 594). 

The hulls arc tough and fibrous and constitute c. 
41% of the seed. Analysis of hulls gave the follow- 
ing values: moisture, 7.89 : nitrogen, 3.18 : oil, 1.84 ; 
and ash, 2.99?^. They arc rich in mucilage and pig- 
ments (Smith et al.y Industr. Engng Chem,, 1946, 

^ 353 )- 

Linsked PkOOUCI'S 

I.INSEED OIL 

Linseed produced in India is utilized mainly 
(c. 88%',) for the expression of oil. Both bullock-driven 
ghanis (capacity, 10 80 lb. /day) and power driven 
rotary mills, expellers and hydraulic presses are used 
for this purpose. Cliani oil is reported to possess a 
sweet taste with pleasant flavour and is preferred for 
edible j)urposes. The yield of oil is 28-30% on the 
weight of seeds ; efforts are being matic by the All- 
India Village Industries Board to popularize an im- 
proved type of gliani, known as Wardha or Magan- 
wadi ghani, which gives a higher yield of oil. 

The bulk of commercial linseed oil is produced 
by the use of expellers. Before crushing, the seed is 
rolled into meal and heated after moistening, in a 
sieam-jackctcd trough fitted over the expeller. 
Hydraulic presses, particularly the open type Anglo- 
American press, are also in use ; prior to pressing, 
the seed is ground and heated in a steam-jacketed 
kettle. Screw presses and solvent extraction plants 
are rarely employed for the extraction of oil in India 
{Rep. Marketing Linseed, 1956, 135-37, 140). 

The oil yields from different tyj)es of linseed 
crushed by expellers are as follows (av. values): 
Bombay bold, 36 ; Calcutta bold, 34 ; and Calcutta 
small, 32%. The yield of oil from the same type of 
linseed varies with the machinery employed for 
pressing otit the oil. Thus the yields of oil from 
Bombay bold, using expellers, hydraulic presses, 
and rotary mills, are respectively 35-36%% 34-35% 
and 32-33/0. The All-India average for yield of oil 
from linseed is reported to be 33.3% {Rep. Market- 
ing Linseed, 1956, 138). 

Refining — Crude linscctl oil contains free fatty 
acids, colouring matter and ‘mticilaginous* matter. 
The proportion of these impurities in the oil depends 
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upon the conditions under which the seeds used for 
oil extraction have been stored and the methods 
employed for the extraction of oil. The mucilagh 
nous im])urity, break as it is called, consists mainly 
of phosphatides and carl)ohyd rates ; it contains also 
mineral matter, particularly salts of calcium, phos- 
phorus and magnesium. 

Linseed oil is refined by tanking Lor long periods, 
or by alkali or acid treatment. Filtration of oil 
followed by tanking results in the separation of a 
part of the mucilage. Treatment with alkali (io% 
caustic soda) yields a clear, pale yellow oil ; free 
fatty acids react with caustic soda and the soap 
formed carries down the mucilaginous matter and 
a part of the colouring matter while settling ; the 
neutralized oil is then washed with water. Treat- 
ment with sulphuric acid (i 27n on the wt. of oil) 
preci|)itates the mucilaginous matter ; the acid is 
suhseciucntly removed by washing with water. Acid- 
relined oils usually contain appreciable amounts of 
free fatty acids. 

The break may he coagulated by rapidly heating 
the oil to 260*^ or above ; coagtilation is facilitated 
by the addition of small (|uantities of salt in atjue- 
ous solution. Heating may he elfected by super- 
heated steam. 

The colour of refined oil is improved by treat- 
ment with decolourizing agents, such as Fullers’ 
earth or activated carbon, at elevated temperatures 
(80-90”) and filtering through a press. The refined 
oil is chilled or wintered to separate any wax that 
may he present (Jamieson, 266-67, 271 ; Kckey, 
544-45 : llilditch, 1943, 476-77: Heaton, 221: 

'I’horpe, IV, 87-88). 

Characlcristk's — Cold-pressed oil has a golden 
yellow colour, while oil obtained by hot-pressing is 
somewhat turbid and yellowish brown, f'resh refin- 
ed oil is pale yellow with a mild odour and pleasant 
taste. The oil keeps well if stored in non-metallic 
containers unexposed to air and light. When ex- 
posed to air, the oil, especially refined oil which has 
been freed from natural anti-oxidants deteriorates 
in colour and develops an odour. Commercial oil is 
usually dark in colour with a rather di.sagreeahle 
odour and an acrid taste. Among the linseed oils 
met with in the trade the Indian oil is the palest : 
Argentinian oil is somewhat darker; while Baltic 
and Canadian oils arc the darkest (Encyclopaedia 
Britannica, XIV, 167 ; Heaton, 222 : Chatfield, 5). 

The constants of linseed oil produced in various 
countries fall within the following ranges: sp. gr.*““, 


0.927-0.931, sp. gr.'*’", 0.931-0.938 : /C;; , 1.4808-1.4859, 
1.4786-1.4815, 1. 4742- 1. 4754 : sap. val., 

189-196; iod. val., 170-204; thiocyanogen val., 
114.0-124.3; acet. val., 4.0-10.0; hexahromide val., 
45.0 52.0; unsapon. matter, 0.5-1.6V;. ; saturated 
acids, 8-12.5V0 ; title of fatty acids, 19-21”. The 
content of free fatly acids in the oil is usually 
below 57 o. The unsaponifiahle matter contains coiisi 
derahlc (juantities of sterols ; tocopherol and sipialene 
arc present (Jamieson, 270 ; Williams. K. A., 3(x^-io ; 
Eckey, 544; Dickhart, Anicr. j. Ptiarm., 1955. 127 , 
.U9); 

The fatty acid composition of linseed oil from 
different sources varies within the following limits: 
total saturated (mainly palmitic and stearic). 6-16 ; 
oleic, 13-36 ; linoleic, h)- 25 ; and linolenic, 30-607.1. 
Oils from cooler climates arc ricli in linolenic acid. 
Analysis of Tndian linseed oil (iod. val., 1S2.0) gave 
the following fatty acid com|)osilion : |)almitic, 8.2 ; 
stearic, 6.8 ; arachidic, 0.5 ; oleic, 13.9 ; linoleic, 14.4 ; 
and linolenic, 56.27... The oil had the following gly- 
ccrule composition (7., mol.): (/) disaturaled, 3; 
monosaturated, 41 ; triimsaiuratcti, 56 ; (//) mono- 
linoleo-, 43 ; [Hi) mono-linoleno-, 35 ; di-linoleno-, 
59 ; trilinoleno, 5 ; (iv) mono-polyethenoid, 18 ; di- 
polycthenoid, 53; tri-polyethenoid, 29; (u) di-|-tri- 
polvcthenoid, 82 (llilditch, 1956, 173, 376; llilditch 
cl (iL, ]. Sci. Fd /IgnV., 1951, 2, 5.13). 

Linseed oil with iodine value of 190 or above is 
considered to he of very gooil (|uality. I’ahle 9 gives 
the limits of iodine value of oils from dilferent coun- 
tries. Baltic oil due to its high iodine value is gene- 
rally considered to he the best : Indian linseed freed 
of impurities before crushing, yields oil of e(|ually 
good tpiality (Brady, 467; Thorpe, VII, 320 21). 

'rhe iodine value of linseed oil is 160-200, which is 
the highest of all fats. A film of linseed oil when 

TABLK 9— lODINn VALUn OF LlNSliliD OILS FROM 
DIFFERIiNT COUNTRIES 


Soiiio 

L* 

Iod, val. 

(Wijs) 

Bailie (Norili Kiissia) 

190 

204 

India 


ISO 

1S9 

Canada | 


177 

18S 

Argentina 

1 (I.a Plata) 

175 

186 

Blaek Si'.'i 

1 (.South Russia) 

176 

1S2 

North America 

177 

-188 

Moroeco, 

Holland, 'I’lirkey 

1S5 

202 


• Jamieson, 270 ; tt'hal field, 5. 
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TAB1.E lO-FILM PROPHRTIES OF SOME COMMERCIAL 
DRYING OILS* 

Resistance to 


Oil 

Drying 

ran; 

Film 

texture 

- — 1 

Yellowing Water 

Tung 

Very I'a.st 

Hard, fair 
flexibility 

Fair 

Fxcelleni 

Oiticic.1 

Fast 

Hard, jioor 
flexibility 

Poor 

(Jood 

Doll yd r;i It'd 
c.'isior 

Fairly 

fast 

Medium hard, 
gjiod flexi- 
bility 

\'ery 

gCKXl 

(Jooil 

Linseed 

Medium 

Slightly .soft, 
flexible 

Fair 

Fair 

Sovlican 

Slow 

tacky, 

flexible 

flood 

Poor 

• Kirk & 

OilinuT, V, 

295. 



expo.sed to air gradually thickens 

due to 

oxidation, 


then gels and iinally dries to an elastic coherent film 
with a distinct gloss. Drying is accelerated by the 
addition of oll-soliihlc salts of certain inultivalein 
metals, such as linoleates aiul resinates of cobalt, 
manganese and lead. When healed to 2(K)'' or above, 
the oil polymerizes to a highly viscous mass (Jamie- 
son, 271-72 ; Eckey, 535-36). 

Uses Linseed oil is primarily an industrial oil 
used in the manufacture of paints and varnishes. Ft 
is by far the most important drying oil and its con- 
sumption exceeds all other drying oils combined. 
Linseed oil is taken as a standard for the evaluation 
of drying properties of other oils. The film properties 
of linseed and other drying oils arc summari/ed in 
Table 10 (Jordan ct al,, 52 : Eckey, 546 : Larrick, /. 
Amcr, Oil Chnii. Soc., 1950, 27 , 514). 

lanseed oil is used in the manufacture of linoleum 
and oil-cloth, jirinting and lithographic inks and soft 
.soap. Relatively small amounts are employed in core 
oils, linings and packings, oil modifieil alkyil resins, 
caulking compounds, putties, leather finishing com- 
pounds, luhricants and greases, polishes, plasticizers 
and pyrotechnic compositions ; it is used as a solvent 
for industrial stains and for seasoning bobbins (in 
jute textile.s) and cricket bats and other sports goods. 
I^insecd oil fatty acids find use in protective coatings 
and emulsifying agents (Eckey, 546 ; Kirk & Oihmer, 
V, 296 ; XI, 323 ; XII, 728 ; Rep. Marketing Linseed, 
1956, 145-47 : Snell & Snell, 275). 

Raw cold pressed oil is u.sed to a considerable extent 
in eastern Europe, especially in U.S.S.R., for edible 
purposes. In India, c. 35";', of the oil produced is so 
consumed particularly in Madhya Pradesh and in 


j)arts of Orissa, Bihar, U.P., Punjab, Jammu and 
Kashmir ; in some localities, it is employed as an 
adulterant for mustard, groundnut anti coconut oils. 
In 1953, when groundnut and other edible oils were 
in short supply, about 6,000 tons of linseed oil were 
reported to have been used for the manufacture of 
Vanaspati. Hydrogenated linseed oil was uscti for 
footl purpose's also in Canada during and immediate- 
ly after World War II. Linseed oil, however, docs not 
enjoy much favour for this purpose because of the 
rapid flavour reversion of processed products ; 
furthermore, polymerization products formed on 
heat treatment are reported to be toxic (Eckey, 546 ; 
Thorpe, VIl, 322 ; Indian Oilseed Atlas, Indian cent. 
Oilseeds Comm., 1958, Table 6 ; Rep. Marketing 
lAnseed, 1956, 146-48 : Wiseblati et al., J. Sci. Fd 
Agric., 1953, 4 , 227 : /. Awer. Oil Clieni. Soc., 1952, 
29 , 639). 

Linseed oil is official in some pharmacopoeias and 
is recommended mainly for external application. Tt 
is a common base for embrocations and liniments. 
Lotio Calcii Ilydroxidi Oleosa, a mixture of eyual 
volumes of linseed oil and calcium hydroxide solu- 
tion, is a popular application for hums. A solution 
of linseed oil and sulphur was formerly used in the 
treatment of scabies and parasitic skin diseases. 
Linseed oil has laxative properties but is seldom em- 
ployed as it is unpleasant to taste. It is .sometimes 
given in enemas, especially in haemorrhoid ca.ses. 
Boiled linseed oil which contains compounds of lead 
and other toxic elements, must not he pre.scrihed" for 
medicinal use (U.S.D., 1955. 759 : I.P.C., 185, 328 ; 
Nadkarni, I, 745: (Juikin, /. Ainer. Oil Cliein. Snc., 
1950- 27 , 542). 

In veterinary practice, linseed oil is employed as a 
laxative for horses and cattle. It is less liable to pro- 
duce griping than castor oil and is u.sed in such 
conditions as spasmodic colic, flatulent colic and im- 
paction of colon. Linseed oil has to be di.spen.sed with 
caution as large repeated doses may cause super- 
purgation : it may also cause laminitis in horses and 
affect the alimentary function in cattle. It is not suit- 
able for small animals as it produces extreme nausea : 
it is sometimes administered as an enema. Linseed 
oil al.so finds use as a vehicle for irritating drugs, such 
tas turpentine oil (B.V.C., 200; U.S.l)., 1955, 1990). 

Modified oils — ^The use of raw linseed oil in paint 
and related industries has a few drawbacks, e.g. slow 
drying rate, tendency to yellowing, continued oxida- 
tion after drying is apparently completed and poor 
colour retention. Processes have been developed to 
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improve linseed oil by heat modification, blending 
or by combining with suitable chemicals and adapt 
it to a variety of exacting demands of the protective 
coating industry. 

Boiled Linseed Oils arc obtained by heating the 
raw oil at 90-150° with driers, such as linoleates or 
resinates of lead, manganese, cobalt or zinc. The oil 
becomes viscous and the colour darkens. Boiled oil 
dries at a faster rate than raw oil and the film formed 
is smooiher and more lustrous, and colour retention 
is improved. The grades of boiled linseed oil commer- 
cially available are: Extra Pale, Pale-hoiletl, l)oid)le- 
hoiled, etc. Bung-hole Boiled Oil is made by churn- 
ing refined linseed oil with a solution of organic 
driers without healing. It is a (|uick drying pale oil. 

Boiled oils arc used in the manufacture of paints 
hut rarely employed in varnishes. They are also used 
in the manufacture of water-proof materials, patent 
leather and special finishes for cotton and silk 
fabric s. 

Blown Linseed Oil is produced by blowing air 
through linseed oil at i^o"" for several hours till the 
desired viscosity is reached. Blown oil is golden 
yellow or reddish yellow in colour with high specific 
gravity and acid value. It has excellent drying and 
pigment wetting ])roperties. It is used in the manu- 
facture of linoleum and oil-cloth, and to some extent 
in interior paints and low grade enamels. 

Stand Linseed Oil is obtained by heating alkali- 
refined linseed oil out of contact with air or in an 
atmosphere of inert gas at 2<;o till the desired 
consistency is obtained. The oil thickens by poly- 
merization with little oxidation and is said to be 
“bodieeV’. Stand oil is pale yellow in colour with 
honcy-like consistency and high acid value (up to 22). 

Stand oil gives an elastic film with improved dura- 
bility and superior gloss. Thinner oils are widely used 
in enamels and varnishes while thicker oils (Lit ho 
oils) are employed in the manufacture of printing 
inks. Stand oil is also used as a vehicle for exterior 
paints and protective coatings for non-ferrous metals. 

A process for the isomerization of linseed oil, 
developed at the H. B. Technological Institute, 
Kanpur, involves healing of the oil at 250° for '/i hr. 
in the presence of anthraquinone (5V0) as catalyst in 
an inert atmosphere. The isomerized oil gives 
varnishes with excellent drying properties : films are 
resistant to water, acid and alkali. 

Sulphurized Linseed Oii. is prepared by stirring 
the oil with sulphur chloride or alternately, the oil is 
treated with flowers of sulphur at c. 100°. It is a thick 


brownish red licpiid, which sets with extreme rapi- 
dity. It is used in the preparation of pigmenled oil 
required for the so-called wet-on-wet process of paint- 
ing in which several coats of the paint are applied at 
short intervals ; the composite film is clastic and fair- 
ly durable. Sulplniri/cd oil forms the base for many 
stoving finishes for rubber ; it is also employed as an 
antiseptic. 

Linseed oil treated with various chemicals is in 
demand for special applications. Styrenated linseed 
oil (Keltrol L) is prepared by reacting linseed oil 
with styrene ; it dries to a hard, tough and alkali- 
resistant film. Esskol and Solinox are hydrogen- 
treated linseed oils used as substitutes for tung and 
castor oils. Solution of linseed oil in chlorinated 
hydrocarbons (e.g. ethylene dicbloride) when treated 
with aluminium trichloride or boron trifluoride at 
elevated temperature (km)"’) yields polymerized pro- 
ducts : silicon tetrachloride and titanic chloride have 
similar effect, rreatment of raw. polymerized or 
blown oil with solutions of phosphorus tri- or penta- 
chloride iti white spirit gives products with improved 
drying properties |Mistri, Oils & Oilseeds 1952-53, 
5(10-12). 118: Garrick, /. Amer. Oil Cliem. .Sot. 
1950, 27 , 514: Chatfield, 7-25; Hilditch, 1943, 477 - 
83 ; Heaton, 223-27 ; Thorpe, IV, 88 91 : Res, huL. 
1956, 1 , 237 : Snell & Snell, 363 : Brady, 468]. 

Large quantities of refined linseed oil w'cre frac- 
tionated in U.S.A., during World War 11 , by the 
furfural process to yield Extract Oil with superior 
drying and bodying characteristics and used as a 
substitute for perilla oil : the saturated fraction or 
raffinate was used for alkyd manufacture (Jordan 
ct al., 108). 

Linseed On. Alkyds are produced by heating 
linseed oil with a polyol (usually glycerol) at 200-20° 
for an hour, followed by treatment with phthalic 
anhydride at higher temperatures (240-60°). Alkyds 
yield quick drying films w'ith good gloss and out- 
standing durability and adhesion. They are used in 
exterior house paints, trim paints, exterior enamels, 
inks and coatings for silk fabrics. They find use in 
under-water primers because of their excellent adhe- 
sion (Moore, /. Amer. Oil Chetu. Soc., 1950. 27 , 510 : 
Chatfield, 273, 286 : Garrick, loc. cit.). 

Substitutes — A general world shortage of linseed 
oil and a rising demand for improved oils rc(]uired 
for s|)ecial types of coatings have led to intensive re- 
search on linseed oil blends and substitutes. In many 
formulations, linseed oil has been completely replaced 
by blends of other drying oils. 
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Linseed oil can he blended with 10-15% of soy- 
bean oil with advantage ; the mixture dries to a 
homogeneous elastic film. Addition of dehydrated 
castor oil (up to 50'V,) improves the drying properties 
of linseed oil and overcomes tackiness : the film of 
the blend retains the water resistance characteristics 
of castor oil films. Linseed oil may also be blended 
with timg oil in the ratio of 3 to 1 to yield a paint 
vehicle. It has been successfully blended with 
sesame, hempsecd, simHowcr, safflower, raisin seed, 
walnut, kamala seed, perilla, tobacco seed, poppy, 
nigcrsced and fish oils in the preparation of paints 
for exterior applications (Chatficld, 25 ; Garrick, loc. 
cit. ; Mistri, loc. cit.). 

Adullcntfiis — Linseed oil is sometimes adulterated, 
particularly when the market price is high, with 
vegetable oils, such as rape, cottonseed, soybean, 
sunflower, safflower and candleiiut, as well as with 
rosin and mineral and fish oils. Boiled linseed oil is 
more frcciuently adulterated than raw oil. Adultera- 
tion is rather diflicult to detect. Admixture of rape 
and mustard oils may be detected by the presence of 
eriicic acid ; the adulterants lower the saponification 
value. Fish oil may be detected by the odour pro- 
duced on heating and hy the melting point of ether- 
insoluhlc bromides. Rosin and mineral oils increase 
the pro[)ortion of unsaponitiable matter (Jamieson, 


TABLE ll-INDIAN SPECIFICATIONS FOR LINSEED OILS* 



Raw 

Alkali or 
arid 
refined 

Pale 

boiled 

Roiled 

Ceil our, I.ovi- 
bond, tS.35 mm. 
rcll (units) 

>55 

(Y-I-IOR) 

>10 

(Y4IOR) 

>10Y 1 2R 

>I0Y-|-11R 

Sp.sr.7- 

0.925- 

0.92S 

0.925- 

0.928 

0.925- 

0.945 

0.951 - 
0.945 

» n 

1.472 

1.472 - 




1.475 

1.475 



v:il. 

>4.0 

Alkali 
refined, 
>0.5 ; 
acid 
refined, 
>6.0 

>rt 

>8 

Sap. val. 

1S8 195 

188-195 

IW-1 

190 198 

Iod. val. 

<175 

<175 



Unsapon. 
matter (%) 

>1.5 

>1.5 

>2.0 

>2.5 

Dryiiij^ lime 



>lHhr. 

>18 hr. 

Ash lonicnt (%) 


•• 

>0.3 

>0.5 

*IS : 75 1950 ; 

76 1950; 

77 1950; 78 

im 



275-76 ; Thorpe, VTI, 326 : Pathak & Aggarwal, /. 
scL uidnstr. Res., 1954, 13B, 720). 

Grades & Specifications -Vimous (pialities of lin- 
seed oil arc available in the Indian market ; they 
include raw oil, alkali and acid refined oils, boiled 
oils, blown oils and stand oils ; ‘reduced' oils, pre- 
pared by mixing linseed oil with refined mineral oils 
or turpentine oil, are also marketed. The bulk of 
linseed oil is sold raw, after giving a simple clarifying 
treatment. According to the Prevention of Food 
Adulteration Rules, 1955 (aniendcd in May 1959), 
linseed oil for edible purposes shall be free from 
rancidity and conform to the following standards: 
butyro-refractometer val. at 40*^, 69.5-74.3 ; sap. val., 
188-195; iod. val., <t[i7o; unsapon. matter, ]}>i.5% • 
free fatty acids (as oleic), ]J>2.o7u. Linseed oil for 
industrial purposes should conform to the specifica- 
tions of the Indian Standards Institution (Table ii) ; 
conformity with specifications laid down hy the 
British Standards Institution is sometimes insisted 
on, hy foreign consumers. The Agmark specifications 
provided for two grades of edible oil, viz. raw and 
alkali-refined, are the same as those prescribed by 
the Indian Standards Institution (Rep. Marketing 
[Jnseed, 1956, 140-42, 147-49). 

LINSKED CAKE 

Lin.sccd cake obtained as a byproduct of the oil 
crushing industry is used mainly as a protein-rich 
feed for cattle. The oil content of tlie cake varies 
according to efficiency of the e(|uipment employetl 
for expelling the oil. Kxpeller cake contains 7-107/. 
oil, while ^hani cake contains up to i47/> oil ; the 
cake from hydraulic presses contains 9-127/. oil (Rep. 
Marketing Linseed, 1956. 161 62, 137, 164). 

Analysis of a sample of linseed cake (from Bengal) 
gave the following values : dry matter, 96.8 ; protein, 
30.5 ; fat, 6.6; N-frcc extr., 43.2; crude fibre, 9.5; 
and mineral matter, 7.07% It contains: total digestible 
nutrients, 77.2% and digestible protein, 25.97/. ; nutri- 
tive ratio, 1 : 1.8. Vitamins of the B group prc.sent in 
the cake arc : thiamine, 0.57 ; riboflavin, 0.33 ; niacin, 
4.06 : and pantothenic acid, 1.2 1 mg./ 100 g. : a small 
amount of vitamin K is present. Linseed cake does 
not contain vitamins A, C and 1 ). Linseed cake is a 
rich source of phosphorus and a fair source of cal- 
cium ; it contains: calcium, 0.37 ; phosphorus, 0.86 ; 
potassium, 1.24; sodium, o.ii ; chlorine, 0.04; sul- 
phur, 0.38 ; magnesium, 0.58 ; and iron, 0.017% * 
manganese, 3.95 ; and copper, 2.65 mg./ 100 g. 
(Lander, appx I, IV ; Morrison, 486, 1100, 1108). 
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TABLE 12-COMPARATIVE NUTRITIVE VALUES OF LINSEED AND 
OTHER OILSEED CAKES * 


C;ikc 

Protein 

Digesti- 
ble pro- 
tein 

rt)tal 
digesti- 
ble nut- 
rients 

Nutritive 

Ratio 


‘V, 

0' 

fj/ 

ft/ 

IJnsecd (Linum 
usitatissimtiju) 

.^O..S 

2.S.9 


1.8 

Cottonseed 

{CrOss\f)iiim sp., 
undecoriicatcd) 

21.1 

IS.O 


3.1 

C^ottonseed 

(decorticated) 


29.1 

6.L8 

I.l 

Croonfiniit (Aracliis 
hypof^ara) 

•tS.7 

4.LS 

74.1 

0.7 

Sarson 

( lirassira vampcslris 
var. (til Iiotoma) 

2y.r» 

20,9 

81.6 

2.3 

Sesame 

{Scsaninm indicuni) 

4.L5 


94.(1 

I.l 

Toria 

.CS.O 

30.1 

74.0 

1.5 


( li rassica ca m [hs l ris 
var. lorin) 

* Lander, appx I. 

I/msccd cake is higlily esiecincil as a feed-stiifl lor 
dairy caiile and young stock. It is valued for its condi- 
tioning. a|)])Ctile-stimulatuig and sliglitly laxative 
effects ; it rcsemhies sesame cake in its sedative action 
on bowels. Cattle and horses re(|uired for show 
purposes are given supplements of linseed cake as it 
aids in giving a glossy coat and mellow skin. Linseed 
cake is generally used in concentrate mixtures and is 
particularly useful when succulents and legume hay 
are unavailahle. It is considered somewhat superior to 
cottonseed cake for fattening cattle, f -inseed cake has 
not proved useful in poultry feeding. The compara- 
tive nutritive values of linseed and other oilseed 
cakes commonly used in India as livestock feeds are 
given in Table 12 (Morri.son, 4S5-89 ; Lander, 
177 78 : KHis ik Bird, Ycarb. /IgnV. U.S. Defy, /Igm ., 
1950-51, 855 ; Daji, Induni Fing, 1945, 4 , 555 : Af^ric. 
Nczvslctl., Ausl., ACN/380, 1952, i). 

Linseed and linseed cake or meal is occasionally 
reported to cause cyanide |)oisoning in livestock. The 
cyanogenetic glucoside, linamarin, pre.seiii in the 
cake, is accompanied by the en/yme linasc which 
under favoiirahle conditions hydrolyses the glucoside 
into glucose, acetone and hydrocyanic acid. Analysis 
of cakes from different sources lias .shown that the 
c|uantity of hydrocyanic acid released varies from 
0.032-0.045% ; the toxicity of the cake is determined 


by the amount and rate of liberation of liydrocyanic 
acid in the stomacli of the animals : hytlrolysis of 
linamarin by linasc is inhibited by gastric juices and 
under normal conditions, the chances of poisoning- 
are remote. Hot-pressed cake is considered to he less 
toxic than cold-pressed cake as the cn/yme is mostly 
inactivated during hot expression. To obviate any 
chance of poisoning, linseed and linseed cake should 
he boiled with water to inactivate the enzyme and 
use of immature seed should he totally avoided 
|U.S.l)., 1955, * 9^9 ‘ ^-hopra c/ (tl., 250 52 : Allen, II, 
451 53 : Khan, Oils & Oilseeds /., 1951 52, 4 ( 6 ), 6|. 

fanseed meal is reported to possess goitrogenic 
effect on sheep and mice. Ewes fed on diet contain- 
ing linseed meal, under controlled conditions, have 
been observed to produce lambs with acute goitre. 
T’he goitrogenic principle has been identified as a 
thiocyanate : hydrolysis of linamarin in the rumen of 
sheep produces cyanide which is detoxicated hy the 
liver in the form of thiocyanate. As a prophylactic, 
sheep are given iodinated water for drinking (Care, 
Nature, Loud., 1954, 173 , 172 ; N.Z.J. Sei. TeehuoL, 
'954-55- 36 A, 321). 

Linseed cake is utilized to a limited extent as a 
manure; it contains (air-dry basis): nitrogen, 
4.49-5.64; phosphorus (as PoO.), 0.95 1.63; and 
|)otash (Km()), 1.15-1.63% (Refy. Marhetiu^ fd}iseed, 
164; Suhha Kao, fudiau Soap 1952 53, 18 , 

9 <»)- 

Linseed cake finds a few minor uses in industry, 
ft is used as a source of mucilage and protein. Linseed 
meal is used as a filler aid in the processing of ura- 
nium and iron-copper sulphide and in the settling 
of cement slurry and kaolin clay. It may he blended 
with phenolic resins (ratio 4:6) for the preparation 
of plywood glues. A process has been patented hu* 
the use of linseed meal as a filler in thermosetting 
resins : it im|)arts improved water resistance. Linseed 
meal is also used as a corrosion inhibitor, as a bind- 
ing material in water paints and for stabilizing mud 
plaster (Whistler & Smart, 328 ; Smith et al., ludustr. 
Engng CdteuL, 1946, 38 , 353 ; Bahcock Smith, ibid., 
1947, 39 , 85 ; Kirk Ik Olhmer, XIV, 438 ; C.heui. 
Ahstr., 1946, 40 , 2328, 499, 5001 : 1939, 33 , S83 ; Lai 
& Dhawaii, /. ludian Rds 1955, -7.^)- 

LINSKED MUCII.AOK 

Linseed mucilage is jirepared from atpieous 
extracts of the seed (soaking in water for 24 hr.) hy 
precipitation. It is obtained as a white fibrous mass 
which becomes friable when completely dry. It 
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dissolves readily in water and gives solutions of high 
viscosily. Defatted linseed meal may be used with 
advantage in place of seeds for the extraction of 
mucilage (yield, 3-10%). In a patented process, 
solvent extracted linseed meal is separated into kernel 
and hull fractions and the mucilage extracted from 
the latter with dilute hydrochloric acid ; the extract 
is concentrated hy evaporation under reduced pres- 
sure and spray-dried (Whistler 6 c Smart, 327-29 ; 
Altschul, 608 ; Hodge, Econ. Bot., 1955, 9 , 99). 

Linseed mucilage is used in cosmetic and pharma- 
ceutical industries as a demulcent. It is recommend- 
ed for use in food pro<lucts as a water-soluble emulsi- 
fying agent, thickener or hinder. It may he employ- 
ed as a substitute of acacia gum in the stabilization 
of emulsions and is a usefid base for eye ointments. 
It is also suitable for use in water paints and in the 
manufacture of solid)le fibres (Whistler & Smart, 
327 ; Client. Ahslr., 1955, 49 , 11240: 1952, 46 , 9333). 

FI.AX Ik LINSEED FIBRE 

riax is extracted from the stalks of linum types 
specially grown for this purpose and harvested when 
the capsules arc immature. 1/msccd fibre is obtained 
from types grown for seed purposes and extracted 
from straw after harvesting the seeds. Seeds obtain- 
ed from type grown for fibre are poor in oil content, 
while fibre obtained from seed-bearing types are poor 
in f|uality. In parts of Europe, Canada and U.S.A., 
dual purpose types are also grown, but both seed and 
fibre obtained from them are of inferior (juality 
{Vcfretnhle Oih and Oilseeds, Commonwealth Econ. 
Comm., 1958, 145 ; Hunting, World Crops, 1951,3, 95). 

Flax — India imports annually 4 (m)- 5(X) tons of flax 
fibre, flax tow and waste, from Belgium. Holland, 
and occasionally Egypt. Several attempts have been 
made to cultivate fibre flax in India. Trials have been 
made in Bengal, Bihar, U.P., Punjab and Madhya 
Pradesh using both Indian types and acclimatized 
European material, from imported seeds. It was 
found that wdiilc plants grew well in selected areas, 
the seeds of imported types degenerated in 2 or 3 
years and fresli seeds had to be imported. As seed 
re(|uirements for fibre flax are higher than those for 
seed types, the cost of seed becomes a significant 
factor in the economics of flax production. It has 
been suggested that better results may be obtained 
if it is tried in areas with a temperate climate and 
sufficient soil moisture during winter and spring. The 
areas suggested arc Kashmir, Kangra, Terrai in 
Kumaon and Dooars in Darjeeling. Meanwhile, 


about i8,o(k> acres are reported to be grown with fibre 
yielding types in Mysore State (Richharia, 264-65 ; 
Burt, /Igr/c. /. India, 1920, 15 , 61 ; Sircar, Misc. Bull. 
Indian Conn, agric. Res., No. 66, 1948, 34 ; With 
India — Industrial Products, pt IV, 71-75). 

Fibre types are generally grown in temperate 
regions ; they require a cool, moist climate, some- 
what cloudy during the growing period. They do well 
in moist, well drained soils, rich in organic matter. 
They arc sown close together, either by broadcasting 
or by seed-sowing appliances and they mature in 
70-100 days. In Bengal and Bibar, where fibre types 
have been tried, 3 or 4 irrigations are necessary during 
the dry period. 

The crop is harvested before the capsules are 
mature. The stage for harvesting is reached wlien 
the lower part of the stalk lurns yellow and bottom 
leaves begin to droop. In most places, harvesting is 
generally done by pulling ihe plains by rools ; in 
U.S.S.R., U.S.A., Canada and a few other countries, 
mechanical appliances are also employed for pulling 
the plants. 

Harvested stalks are partially or completely dried 
and seeds removed by ri|)|)ling i.e. drawing the heads 
through a coarse comb. Deseeded stalks are then 
subjected to retting; the methods in use are: water 
retting, dew or gra.ss retting, mixed retting, and 
snow retting. Water retting is by far the most 
common. Stalks arc bundled together and immersed 
in water after weighting. The time required varies 
from 2 to 3 weeks. dc|)cnding upon the temperature 
and softness of water, f'ibrcs are separated from 
retted stock hy scutching and drying. 

The colour of raw fibre varies from creamy white 
to grey : badly stripped or over-retted fibre is dark 
brown or diriy grey-green in colour. Fibre strands 
range in length from 15 100 cm. (usually 37.5- 
62.5 cm.) and are made up of bundles of small ele- 
ments cemented together by a gummy substance. The 
idtimate fibres have an average length of 25-30 mm. 
and an average diameter of 15-18 ft. They are round 
to polygonal in cross-section, more or less cylindrical 
in shape, with pointed ends, uniformly thick walls 
and narrow and irregular lumen ; the surface is 
smooth, except for characteristic nodes or cross- 
markings. They do not exhibit convolutions as do 
cotton fibres (Weindling, 234 : Matthews, 296-97 ; 
Harris, 68). 

Flax fibre is valued for its outstanding strength, 
fineness and durability. It is stronger and more 
durable than cotton. It is soft, lustrous and flexible 
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and possesses high water absorbency. It has low 
elasticity and is stronger when wet than when dry. 
The tensile properties of the fibre arc as follows: 
fineness, 17.81 ])enier ; tensile strength, 83.8 kg./s(|. 
mm. : tenacity, 6.29 g./ Denier : wet strength, 105.5% 
of dry ; and ultimate elongation, 1.8% when dry, 
2.2% when wet (Weindling, 234 -35 : Matthews, 295 ; 
Harris, 138). 

Flax has good resistance to moisture and mildew. 
It takes crease-resistant and other special finishes 
well. The fibre does not react to mordants and dyes 
as readily as cotton hut is less resistant to high 
temperatures. Fabrics made from it launder well ; 
they feel noticeably colder to the touch than do 
cotton fibres (Matthews, 296 : Hess, 329; Weindling, 

235)- 

Flax usually contains 70-80% cellulose as com- 
pared to c. 90% in cotton. Other constituents present 
in flax are: fat and wax, 2-3; lignin and pectic 
bodies, 2 5; and ash, i*;.- I’he gummy substance 
which hinds the fibre cells into bundles, often called 
pectin, is a complex mixture of carbohydrates. The 
water extractable material contains at least two 
groups of complex polysaccharides, one of which can 
he precipitated from solution by ethyl alcohol. Flax 
contains 1-2V., wax which imparts suppleness to the 
fibre (Weindling, 235 : Harris, 57 ; Kirk & Othmer, 
VllI, 388 ; Matthews, 295). 

Flax fibre is woven into fine fihrics, such as lawns, 
cambrics, hollands, crashes and damasks, and also 
into canvas, drills, ducks and buckrams. It is used for 
linen stitching, paiilin stitching, fishing twines, bind- 
ing twines, ropes, fishing nets, and other purposes 
where strength is a primary re(|uirement. It is also 
used for carpet making, house furnishings, sails and 
wrapping cloth. Other items of linen manufactures 
include handkci chiefs, table and bed linens, dress 
interlinings, men’s suitings, towels, tents, draperies, 
upholstery covers, surgical <lressings, fire-fighting 
hoses and water-holding hags. 

The dried cortical tissue se|)arated from flax fibre 
contains c. 10%, wax ; flax dust from the spinning 
house contains^^c. 6%, The wax may he commercially 
extracted by organic solvents and used in shoe 
polishes ; it may he used also as a substitute for bees- 
wax (Warth, 201-02). 

Linsevd fibre — Deseeded stalks (or straw) from 
types grown for seeds are usually burnt as fuel or 
otherwise wasted ; in certain parts of India, they are 
fed to cattle or used for thatching purposes. Linseed 
straw is comparable to oat straw in nutritive 


value : it should he freed from immature seeds 
before use. 

Linseed straw car. he processed to yield a fibre re- 
sembling flax. The process employed is as follows: 
the stalks arc tied into bundles (up to 20 cm. diam.) 
and retted by steeping in water for 4 days or dipped 
in a dilute solution of caustic soda and cooked. Treat- 
ed material is washed in water and dried in the sun. 
T'he fibre is then separated from the core by hand- 
operated fluted rollers or by power machines. 

A dry-scutching process for the extraction of fibre 
has been patented : dried stalks (moisture content 
c. 9/(.) arc pressed between fluted rollers or beaten by 
wooden mallets and the broken pith (shives) removed 
by a mechanical contrivance. The fibre is then worked 
through a wire comb for separating long fibres from 
short ones. Long fibres can he spun to fine yarn ; 
short fibres give coarse yarn. The fibre properties can 
he improved by cottonizing (Ricliharia, 1950. 44-f>4» 
82-1 1 1. 125-33 ’• Athawale ^ Miilany, BtdI. Dcp. hid., 
U.P., N.S., No. 16, 1941, 3-7). 

The average yield of dry straw is estimated at 820 
1,250 Ih./acre: and the yield of fibre on the weight 
of dry straw is 20 -25','... Dry-scutching gives a higher 
yield of fibre than retting, hut the (piality is inferior. 

TABLE U~Fir»RE AND OIL CONTENT OF 1. INSEED TYPES FROM 
DIFFERENT STATES * 


Type 

State 

Colour & size 
of seed 

Dry sciil- 
ehed fibre 

Oil 

I.oc;il 

(Nagpur) 

Bomhay 

Brown, bold 

21.0 

41.0 

O.S.X. 

(I.C.H.V.) 

Bombay 

Dull \ellow, 
bold ' 

20.5 

47.0 

K.B. 

(I.C.R.l.) 

Bombay 

Broun, bold 

IS.7 

59.0 

No. .^255 
(I.C.K.VI) 

Bomt)ay 

Broun, bold 

25.0 

59.0 

No, 1150 
(Kanpur) 

U.P. 

Broun, 

medium 

'20.0 

58.S 

No. 1195 

IM*. 

Brown, bold 

21.6 

40.7 

No. 485 

U.P. 

Brown, small 

50.7 

.19.8 

No. 1206 

U.P. 

Yellow, bold 

17.4 

45.1 

ILK. I 

Bihar 

Brown, 

medium 

24.3 

46.75 

ILK. 2 

Bihar 

Brown, 

medium 

17.4 

45.74 

S. 6 

Bihar 

Brown, 

medium 

15.0 

42.64 


* Inforin.'ition from Dr. Kirhh.'irin, S.-ihnur. 
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Table 13 gives tlic percentage of dry-sciitclicd fibre 
from Iinsee(i types grown in (lilfcrent Slates. Linseed 
straw yields on an average 6*;;. long fibre and 20% 
short fibre (on the weight of dry stem). The latter can 
lie separated into etpial proportions of soft and hard 
fibre : soft fibre can he utilized for spinning and hard 
fibre for paper manufacture (Paid & Sarkar, Jute 
BulL , 1950-51, 13, III : Richbaria, 1950, 65, 76, icx); 
Aihawale tV Mulany, loc. cii.). 

'I’hc (juality of fibre obtained from linseed stalk 
depends upon a number of factors, including the time 
of sowing, seed rate, cultural treatment, stage of 
harvesting and process employed for extracting the 
fibre. Karly sowing at high seed rates of good fibre- 
yielding types, followx'd by irrigation, favours the 
prod IK t ion of fibre of fine r|uality. Harvesting at a 
stage w^hen capsules are turning brown but stems are 
still green helps in obtaining a soft and fairly long 
fibre : seed yield is not affected. The fibre separated 
by dry-scutching is coarse and weak, while that from 
retted straw is soft, long and lustrous ; chemical ret- 
ling gives heiier results than water retting. Straw 
damaged by rust or rains yields weak and dark 
coloured filire (Richharia. 1950, 122-24, 100-01). 

The colour of the fibre is golden yellow to yellow- 
ish white when extracted hy dry-scutching and silver- 
grey or dirty grey wlieii obtained from retted straw. 
'Phe lengtli of fibre varies with variety and ranges 
from 17.5 to 30 cm. : ultimate fibres are 20 -30 mm. in 
length and 0.5-2.3 /i in diameter. Retted fibre con- 
tains: moisture, 9.0 : n-cellulose-t-hemicellulose, 80.7 : 
pectin. 3.1; lignin, 3.6; fat and wax, 2.4; water 
solulile extr., 2.1 ; and ash, i.oVm (Richharia, 1950, 
123, 79-^80: Biswas, Indian Pulp Pup., 1959-60, 14, 
** 7 ); 

Linseed fibre, though inferior to flax, is strong and 
can be put to a variety of uses, ft may be spun as a 
textile, either by itself or in mixture with cotton, 
jute, wool and tassar silk. li is suitable for spinning 
on jute and cotton machinery after suitable adjust- 
ment. Linseed fibre may be used in tlie manufacture 
of twines, roj)es and canvas ; it was employed during 
World War II for making sewing cords for leather 
goods. It can he used as a partial substitute for jute 
in the manufacture of carpet hacking and can be 
blended to a limited extent with jute in the produc- 
tion of sacking and hessian. It can also be used as a 
substitute for coir in matting. 

Yarn spun from cottonl/ed linseed fibre is suitable 
for rugs, blankets and nizvar (used for beds). Cotton- 
ized fibre can be blended with cotton in various pro- 

1 30 


portions ; spun yarn from blends is stronger than 
cotton yarn of ecjui valent count. Suiting and shirting 
cloth, betl spreads, curtains, carpets, blankets and 
canvas have been produced from blended yarn 
(Richharia. 1950, 134-63 ; Athawale &L Mulany, loc. 
cit. ; Jute Bull., 1949-50, 12, 289 : Rep. Marketing 
Linseed, 1956, 133-34). 

Paper pulp- I Amecd fibre is suitable for the manu- 
facture of high grade paper pulp. As the lignin and 
pentosan contents of the fibre are low, the paper pro- 
duced has good strength. Clean fibre, free from 
shives, gives bleached pidp in 64.67;, yield (alkali 
consumption, loVi. ; cooking temp., 150'^ ; chlorine 
consumption, 0.6470). Commercial fibre (tow) con- 
tains a certain amount of shives and the pulp obtain- 
ed from it by the normal treatment is of inferior 
(piality. A better pulp is produced (yield, 437«') by the 
sulphur-soda process involving digestion with 20-22/0 
caustic sodaH-37t. sulphur for 5-6 hr. at 150-60'’ 
(Biswas, Indian Pulp Pap., 1959 60, 14, 117 ; Lalhrop 
& Nelson, ibid., 1954-55. 9, 27). 

Linseed tow has replaced linen rags in tlie manu- 
facture of cigarette, air-mail, bond, Bible and other 
high priced book and writing papers. It is used also 
in the manufacture of safety paper used for currency 
notes. Practically all cigarette pajter produced in 
U.S.A. is from tow ; in India, one firm in Howrah is 
reported to he using linseed fibre for a similar purpose 
(Aronovsky el a!., Yearh. Agric. U. S. Dep. Agric., 
1950-51, 837: Lathrop & Nelson, loc. cit.: Rep. 
Marketing Linseed, 1956, 133). 

Linseed straw may he employed in the manufac- 
ture of huilding board, cardboard and wrapping and 
insulating material. In Argentina, tbc straw is pro- 
cessed into burlap. Digestion of straw witli io7.. lime 
(CaO) in a concentration of 16.6 g./litre at 162^^ for 
hr. and kollerganging gives a pulp (in 5970 yield) 
with satisfactory strength properties : the pulp is 
processed into wrapping paper (Jute Bull., 1949-50, 
12, 289 ; Richharia, 1950, 159-60 : Bunting, World 
Crops, 1951, 3, 95; Bhat, Indian Pulp Pap., 1954-55, 

* 1 ;*). 

The residue left after the extraction of fibre is used 
as fuel or as wall board slock, feed' and bedding. 
Shives from unretted and retted straws contain res- 
pectively: cellulose, 46.15 and 48.9: lignin, 30.4 and 
27.8 ; and pentosans, 26.5 and 22.0* n ; digestion Avith 
io7f) caustic soda yields a low grade pulp suitahle for 
the manufacture of cardboard. Attempts have been 
made to utilize shives, after grinding, in the manu- 
facture of linoleum (Econ. Bot., 1949, 3, 359 ; Rep. 
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Covwi. (I til. Fd & agric. Wastes, Conn. st:i. industr. 
Res., New Delhi, 1959, 66 ; Aronovsky ct al., loc. dr. ; 
Riehharia. 19^0, 162. 167 ; Jute Bull., 1949-50, 

12 , 289). 

PhoDITCIION Ax\ 1> "rRADK 

LINSEED 

Prior lo World War II, the major part of linseed 
produced in India was exported to foreign countries, 
particularly to U.S. At |)resent the hulk is consumed 
in India for the expression of oil. 

Inter-State trade — Considerahle (piantities of seed 
are moved hy road between States and reliahle data 
relating to such movements arc not available. Infor- 
mation on movement of linseed hy rail is summarized 
in Table 14. 

Linseed is classilied in the trade according to the 
colour and size of seeds. Brown types constitute the 
hulk : white and yellow types are produced in small 
(|uantilies in Ujjain, Indore, Dewas, Dhar, Jabalpur 
and Iloshangahad districts of Madhya Wadesh, 
Nagpur and Chanda districts of Maharashtra and 
Kotah district of Rajasthan. Brown types arc classi- 
fied on I he basis of .size into Bold and Small ; the 
former is further classilied as Bombay Bold and Cal- 
cutta Bold. The number of individual seeds per 


gramme forms the basis for classilication. Calcutta 
Bold compri.ses seeds 153 of which weigli i g. 
C'ategory Small includes type in which the number 
of seeds per g. exceeds 153 : category Bold comprises 
types in which the number of seeds per g. lies 
between 135 and 153. Small types are grown in A.ssam, 
West Bengal and north and north-eastern parts of 
Madhya Pradesh. Linseed produced in Rajasthan, 
Bombay. Mysore, Andhra Pradesh, south and western 
parts ol Madhya Pradesh and Jhansi conforms to 
Bombay Bold grade (135 153 seeds/g.). Linseed 
grown ill Varanasi, Allahabad and Mirzapur districts 
of Uttar Pradesh and Patna and Ciaya districts of 
Bihar usually conforms to the standard of Calcutta 
Bold. Of the total linseed grown in India, c. 51% is 
Small linseed, 42",. Bombay Bold and 77.. Calcutta 
Bold. The production of white and yellow linseed, 
which is classified as Bombay Bold, forms only 0.1% 
of the total production {Rely. Marketing Linseed. 
1956. 78). 

Lin.seed is bought or sold hy mills or exporting 
linns on refraction-free basis. The refraction present 
in commercial linseed may he oleaginous or non- 
oleaginous ; damaged grains may also he present. 
Oleaginous impurities are usually rapeseed, mustard 
or taramira ; these impurities are commonly met with 



TABI E l4-lN I ER-.STATn MOVEMENT OF I.IN.SEED 
(thousand metric tons) 

BY RAIL 8C RIVER t 



From : 

V)!>4 .S5 

I9.s5 56 

1 956 57 

1 957 58 

1 958-59 

Bih.’ir 

LV7* 

24.9 

20.5 

7.3 

1 4.0 

nmiili.'iv 

1. 7 

9.9 

2.8 

3.0 

2.3 

I'll.'ir Fr;i(lrsli 

lO.l* 

1 4..^ 

8.8 

5. 1 

7.2 

1 lydcrahatl 

7.I 


7.3 

1 6.2 

1 0.4 

K;i jasihaii 

O.I 

4.4 

4.2 

8.9 

2.5 

Madliva Fradesh 

V/) 

9. 1 

3.8 

2.3 

1.2 

Oihcrs 

3.9* 

1 9.7 

1 5.3 

26.4 

16.4 

1'oial 

46.2 

SI.O 

62.7 

69.2 

54.0 


to: 


Wc\st 


port) 

20.1* 

y).\ 

26.4 

12.9 

18.0 

Bihar 

1.2* 

U) 

3.3 

2.4 

3.3 

Ihtar Pradesh 

4.5* 

7.9 

8.8 

18.1 

7.8 

Madhya Prailcsh 

9.1 

12.8 

7.6 

9.6 

14.5 

Bombay (including Bombay port) 

6.0 

14.8 

l.t.l 

17.8 

7.8 

Others 

5.3* 

3.4 

t.5 

8.4 

2.6 

'lotal 

46.2 

81.0 

62.7 

69.2 

54.0 

f.laotnus reUain}* to the Inland {rail and 

river borne) Trade of 

India. 

•Incomplete and 

.subject to revision. 
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in linsml grown in Uttar Pradesh and Bihar, and 
are attrihuted to mixed sowings. Non-oleaginoiis im- 
purities consist of stones, lumps of earth, straw or 
chatl and grains of wheat, gram, barley, jowar and 
pulses. These impurities lind their way into linseed 
due partly to carelessness during threshing or in 
asseml)ling markets and partly to mixed sowing. 
Generally, there are fewer impurities in linseed 
grown ill northern parts of the country than in 
central and southern paits. 

Seeds which have become wholly or partially dis- 
coloured either before or after harvesting, as also 
seeds not fully mature are regarded as damaged 
grains. The amount of damaged seeds varies in differ- 
ent localities and seasons ; the proportion is relative- 
ly liigh in linseed crops grown in dry areas. 

/;;//?or/6 —There is practically no import of linseed 
by sea. Small ([uantities are brought into India by 
land, mainly from Nepal, 'l ihet, Sikkim and Bhutan. 
'Fable 15 gives the imports of linseed from adjacent 
areas by land, at selected border stations. 


TABLti 15-IMPOR rS (BY LAND) 01* MNSbHD INTO INDIA ♦ 



Qtv 


(iiid.) 

1955 56 

40,769 

1956-57 

70,262 

1957-58 

1.16,297 

1958 59 

105,157 

1959 60 

124.504 


^liifonn.'iiion I'nun Dcparinu'ni, (lonimcrcial Iniclli^;iiuc A: 
Sialistifs, Govr. Tiulia. 


Exports — Linseed had an important place in the 
export trade of India prior to World War II ; export 
of linseed has practically ceased since 1952. United 
Kingdom used to he the single largest importer, fol- 
lowed by Australia, Netherlands, New Zealand, 
France, Italy and U.S.A. 

Prices — Bold linseed usually commands a premium 
over Small linseed, both at Bombay and Calcutta. 
'Fhe premium obtained, however, varies according 
to supply and demand. An idea of the premium 
obtained by Bold linseed over Small at Bombay 
and Calcutta can he had from Table 16. 

LiNSKKD on. 

The average annual production of linseed oil in 
India during the trienniinn 1950-51 to 1952-53 
amounted to tons obtained from 27 i,(k)o tons 

of linseed crushed by power mills and 38, (xx) tons by 
[fhani. Under conditions of commercial prtxluction, 
3 tons of linseed yield approximately i ton of oil and 
2 tons of cake. The estimated quantities of linseed 
crushed annually (av. of 1950-51 to 1952-53) by 
power mills and village j^hduis in different parts of 
the country are given in 'Fable 17. 

Imports — With the development of the oilseed 
crushing industry in the country, imports of linseed 
oil have progre.ssively declined. The imports during 
the (juin<|uennium 1951- 52 to 1955-56 averaged less 
than 3 tons of hoiletl linseeil oil per year as com- 
pared with the average import of 8 (k; tons during the 
<|uin(|uennium 1933 34 to 1937 38. There is no im- 
port of raw linseed nil. 

Exports -Export of linseed oil from India, during 
the post-war years has varied considerably from year 


lABI.E 16 -AVERAC,li WHOLESAIJi PRICES OF BOLD AND SMALL LINSRED AT BOMBAY AND CALCUTTA* 

(Ks. {XT rnainid) 



Bold 

Bombay 

Prn 1 Jbr 

Bold 

Calc:iJlia 

Premium 



Small 

Bn 


Small 

tor Brdd 
over Small 


Rs. 

R.S. 

O'* 

/o 

Rs. 

Rs. 

n/ 

/<! 

1952 55 

20.70 

19.24 

7.6 

20.27 

19.77 

2.6 

1955 51 

20.88 

19.25 

8.5 

22..S4 

20.62 

9.5 

1954 55 

17.57 

16.01 

8.5 

n.a. 

17.25 


1955-56 

19.40 

18.25 

6.4 

n.a. 

19.69 


1956 57 

25.45 

21. .57 

8.7 

n.a. 

20.4.5 


1957 58 

21. .S4 

20.45 

5.1 

n.a. 

16..S6 


1958 59 

24.48 




25.62 


1959 60 

24.62 




24.01 


* Prices relarc to tlic 

year April March. 

n.a. not 

available. 
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lABI.E 17 -quantities OF LINSEED CRUSHED BY POWER MILLS 
AND GHANIS IN DIFFERENT STATES 



(av., 1950 .SI to 1952 S3) 


St.-itc-s 

Qly 

in 1,000 tons 



By power mills 

By ghanis 

Total 

M.*idhy.*i Pr.'ideslif 

8.L0 

10.8 

95.8 

IMi.'ir Pr.'idesh 

60.0 

14.0 

74.0 

Wc.st 

50.0 


.so.o 

Hih.'ir 

.50.0 

4.0 

54.0 

llninh.'iy 

24.0 


24.0 

RapiKth.'in 

12.0 

5.4 

15.4 

J.'immii K.'ishniir 

.5.0 

1.5 

4.5 

Oriss.’i 


5.7 

5.7 

Piinjali 

2.5 

0.6 

5.1 

OUhts 

6.7 


6.7 

*/?<•/>. Mdrh’i'lin^ Linseed, 1956, .'^9, 159, 219. 
Vidh.'irhn, now merged with Bomh.iy. 

fTnehidinp 


TABLE 18— EXPORTS OF LINSEED OIL FROM INDIA 
(Qiy ill tons ami valin- in ilionsaml Ks.) 

0*y Total 



U.K. 

Aii.siralia 

Rnm.'inia Others 

Qty 

Val. 

1957 

8,057 

5,586 

568 

1,2.14 

1.5,225 

16,618 

I95S 

11.242 

8,8.59 

615 

4,012 

21.727 

.50,505 

1959 (a) 

11.710 

5,8.19 

685 

.542 

18,771 

26,608 

(10 


2.50 


.585 

815 

1..507 

|960»(a) 

4.284 

417 

1,077 

904 

6,682 

8,765 

(10 




.551 

.551 

95.1 

(a) ( Tilde. 

refineil 

or purified oil ; 

(10 oxidized, blown or 


M)aia for lu-riod Ajir. 1960 M.ir. 1961. 

to year depending upon ihc price of linseed oil in 
world markets. 1 he highest export (77,068 tons) was 
> 955 - 0 - i "I h* (|uanrirics of linseed oil exported 
from India are given in Table i8. 

Before WorUl War II, Burma was the principal 
importer ol Indian linseed oil followed hy Straits 
Settlements. During the war, the Union of South 
Atrica became the largest importer followed hy New 
Zealand in some years anil Egypt in others. In recent 
years United Kingdom, Australia and Rumania have 
accounted for sid)stantial olf-takes of oil from India. 

Prices -The average annual wholesale prices of raw 
linseed oil at Bombay, Calcutta, Kanpur and Nagpur 
are given in Table 19. The prices at Bombay and 
Calcutta generally move in sympathy. Nag|)ur prices 
are at times higher than tliosc prevailing at other 
rentres, because of the demand for edible oil. 


I.INSKED CAKE 

Prior to World War TI, the bulk of linseed cake 
from power mills was exported, while that produced 
by village ^lia)iis was used in the country. In 1944. 
the Government of India imposed a ban on the ex- 
port of oil cakes, including linseed cake, with a view 
to utilize them within the country. Since February 
*9.^5* export of linseed cake in limited (piantitics is 
permitted. The ijuantity of cake exported during 
1957 and 1958 amounted to 1,048 tons and 6,115 
respectively ; in 1959, the total amount of cake export- 
ed rose to 71,556 tons valued at nearly 2.92 crores ol 
rupees. The export in 19^7 and 19^8 was only to 
U.K. ; in 1959 the importing countries were: U.K., 
25,006; West Germany, 12,468; France, 9.649; 
Netherlands, 9,221 ; Belgium, 8.249; Poland, 5,859; 
and others, 3,104 tons. Linseed cake for export should 


TABI.E lo-AVF.RAGE ANNUAL PRICES OF LIN.SEED OIL 
(Rs. per ni;iinu1) 


^'ear 

Bomba V 

Calcutta 

Kanpur 

Nagpii 

1949 50 

57.66 

.59.44 

.56.92 

58..56 

1950 51 

66.07 

68.21 

66.22 

65.29 

1951 .52 

65.51 

65.77 

62.78 

64..56 

1952 55 

46.46 

45.81 

45.48 

46.84 

195.1 54 

45.40 

47.49 

45.51 

47.79 

1954 .5.S 

59.00 

40.57 

.19.00 

41.00 

1955 .56 

55.12 

.5.1.75 

49.50 


1956 57 

49.44 

54.19 

.54.79 


1957 .58 

48.00 

51.75 

.50.67 


1958 .59 

.5.1.19 

54.92 

48.25 


1959 60 

48.72 

51.98 

48.92 



ERAGE ANNUAL PRICE.S 
(Rs. per maiind) 

OF LINSEED 

CAKE 

Ye:ir 

Bombay 

(\'ileufta 

Kanpur 

Nagpur 

1949 .50 

8.00 

9.08 

8.78 

8.20 

1950 51 

11.10 

1 1.59 

12.52 

10.2.1 

1951 52 

11.12 

15.12 

12.12 

12.15 

1952 .5.1 

9.55 

10.06 

9.44 

9.60 

1955 .54 

9.77 

10.06 

9.51 

9.85 

1954 .55 

8.46 


8.11 


1955 .56 

6.94 


7..56 


1956 57 

9.58 

10.42 

10..10 


1957 58 

10..15 

11.71 

10..57 

. , 

1958 .59 

12..57 

14.62 

12.06 


1959 60 

1.1.47 

14.42 

12.70 
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conform to the specifications of the London Cattle 
Food Trade Association which rc(|iiire that castor 
seed and liiisk content should not exceed o.oo5‘;,. ; 
oil and protein content should not he less than 39%. 

Most of the linseed cake produced by {^rfianis is 
consumed hually. Oil mills sell their cake to local or 
distant stockists directly or through commission 
agents. The (|uality is judged mainly hy the appear- 
ance and freshness of cake. Military authorities make 
purchases on the basis of the following specifications: 
moisture, ^10: total ash, : ash insol. in hydro- 
chloric acid, J>i.5 : crude fibre, J>io: protein, <j^ 2 ^ : 
and fat <(^7 "I'he cake must he free from any harm- 
ful (’onstituents or admixture of indigestible fibrous 
matter, like hair and jute fibre hlarkrtiiifr I An- 

seed , 1956. 16 1 68). 

Table 20 gives the average annual wholesale ])rices 
of linseed cake in some important centres. 

LION ((^lass Mawnudia, order Curnhora, sub-order 
Aelurniden, family Felidae) 

D.K.P., VI (4), 49 : Pocock, /. Hnmha\ nat. Hist. 
Soe., 1930-31, 34 , 63S ; Fn. Br. Ind., Mammalia, I. 
1939, 210-22. 


S.vNS. -Simha, krsari, hart ; HtNDi Bahar-sher, 
slier, singha ; Bknc;. -Singha ; Gi'j. — UnluhhagJi. 

Kasii.mir — Such (male), siming (female) ; Kathia- 
war Sazvacli, 

The lion, as indicated hy fossil remains in Furope, 
must have had its original home in that continent 
from where it migrated to Africa and South-West 
Asia and thence to India. At one time, the lion was 
distrihuted in northern, eastern and central India, hut 
exce.ssive lumting for sport and for protecting live- 
stock has considerably thinned its population. Taon 
shooting and poaching have been prohibited and 
according to 1955 census, about 290 lions are confined 
to Gir forests in Gujarat. To preserve this rare animal, 
a lion and two lionesses were introduced into G.hakia 
forest near Varanasi (Uttar Pradesh) in 1957. 

The lion differs from other felines in the uniform 
colouration of the adult : the males are characteri/cd 
hy the presence of a mane on tlie head, neck and 
slioulders. 'Fhe average length of an adult, from the 
nose to the tip of the tail, is 2.80 m. and the largest 
specimen on record is 3.228 m. Two main races of 
lions are distinguishable, viz. the African Lion 
[Pauthcra leo leo Linn.) and the Asian or the Indian 



FIG, 48. MON-PANTHERA LEO PERSICA 


Photo : Moharuja of liorodo 
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Lion \Paftthcra lea l:>ersicfi (Meyer)]. The Indian and 
African lions, though slightly dilfcrcnt in appearance, 
are more or less similar in their hahiis. The Indian 
lion is perhaps somewhat stockier and shaggier, with 
a fuller coat, longer tassel of hair at the end of the 
tail, a more pronounced tufr of hair on el how joint s 
and a fidler fringe of hair on the helly : the mane is 
comparatively scanty. There arc two distinct varieties 
of Indian lions: the donkey variety which is more 
vertical-shaped, higger and lierc<T and the waler 
variety, more hori/ontal-shaped, smaller and less 
fierce. 

laons inhabit sandy plains and rocky places with 
thorny thickets, hunting usually during the night. 
Kxcept (hiring the hreeding season, the lion is (|nite 
sociable and roams ahoni in groups. "I'he strength of 
the lion, for its si/.e, is phenomenal ; it can spring up 
to the head of the largest of elephants and pull it 
down to the ground, 'riiough not very swift, it leajis 
with great violence. "J’he lion does not attack a man 
unless provoked. Old or maimed animals may be- 
come man-eaters and also a menace to livestock. 'I'lie 
cattle-lifters make for the nearest village at dusk to 
prey upon cattle coming home or amhnsh their grnh 
when the cattle are driven out to pasture before dawn, 
'riie lion is noisier than the lioness, particularly 
during the mating season (Prater, 42 ; Kllerman cV 
Morrison-Scott, ; Km vclopaedia Britannica, XIV, 
ihS ; Wynter-Blyt h. /. PoiHhttv nat. flisl. .Vm., 
i(;4S 41;, 48 , 4<)3 : 0/55 -5b, 53 , 52 j : Wynter-Blyih 
I )harmakumarsinhji, ibid., i(;5(i 5i, 49 , 45b: 0 ,ee, 
ibid., nj.sb-57. 54 , 10 12 : Ohaturvedi, Indian For., 
i(;54, 80 , 7 :^3). 

The life span of a lion is c. ^o years : the male is at 
its prime at the age of 5 vears and the lioness is 
reported to liave her first litter wlien 2' 2-^^ years old, 
ihongh a lioness only 22 months old is known to have 
bred. The period of gestation is iib days and the 
itnerval between litters is at least i’< 2 years. In (hr 
forests many lions mate between October and Novem- 
ber and the cubs are horn between January and 
February. Two cubs are usually horn in a litter, hut 
sometimes as many as five cubs are horn. The lion 
stays with the family for defente and procurement 
of food. New born cubs pt^ssess a pattern of rosettes 
like that of a leopard : later the rosettes coale.sce 
to form looped stripes like those of a tiger and 
in ahonr six months time, the pattern tisually 
disappears altogether (Sterndale, 7^-77 : Prater. 42 : 
Wyntcr-Blyth, jf. Ponihav nal. Hist. Sac., i(j48-49, 
48 , 493). 


rhe lions have been the favourite sport of big game 
hunters : their heads and skins are valued as 
tro|)hics ; furs are also esteemed. The fat of the lion 
has been used in certain parts of India as a cure for 
rheumatism and |)aralysis. The body fat (.sap. val., 
191.5: iod. val., 41.0: acid val., ib.b ; unsapon. 
matter, 2.b’*,,) whiih is solid at ordinary temperatures 
has the following fatty acid (’om|)osition : decanoic, 
1.4 : lauric, i.i ; my list ic, 4.9 : palmitic, 2S.9 ; stearic. 
i7.tS ; arachidic. o. i ; tetradccenoic, o.b : bexadecenoic, 
1.9; oleic, 40.3; and nnsaturated C ^ 3.0% 
(jerdon, 1867, 91: Reese, 25S : Ililditc h lV Sime. 
Hwcheni. /., 1942, 36 , <;S). 

LIPPIA Linn. [Verhenaceae) 

A large genus of shrubs or undershriibs, rarely 
herbs, distributed chiefly in tropical and suh-tropical 
America ; a few species are found in the tropics of 
the Old World. Five sptu ies occur in India, of which 
one is ornamental. 
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L. alba (Mill.) N.Iv Rr. syn. L. fremhiatn H.B. & K. 

VI Hr. Incl., TV, 563. 

Oriya — Na^a-aicri. 

MiKiR- Lopofiff-hrik ; MrNDARi — Dnru haim ha; 
Madhya Pradksh — Basula. 

A strongly aromatic, erect, much-branched shrub, 
0.9-2. 4 m. high, found in wet situations and muddy 
river hanks from l^ihar and Orissa to Assam, Madhya 
Pradesh, Nilgiris and Aiiaimalais up to 900 m. Leaves 
op|)osiie, ovaie-ohlong or lanceolate, crenulate or 
crenale ; flowers sm;dl, purplisli or pink, scented, in 
dense capitate or suh-capitate spikes : fruits globose, 
dry, splitting into two i -seeded ])yrenes. 

The plant is used as a sage in cookery. lA^aves are 
used as vegetable in Khasi hills. I’hey are considered 
stomachic and nervine in some parts of Rra/il and 
I’araguay. The air-dried leaves from Calcutta yield 
0.26“,', of an olive brown essential oil, with the follow- 
ing characteristics; sp. gr.*”^"", 0.938; 1.494c): 

*-7° • 9-4*^ ’ ester val., y.).6 ; acet. val., 

124.50; insol. in 70 ejo'V, alcohol, sol. in chloroform 
and ether. The constituents of the oil vary with the 
.source of origin ; dipentenes, c/- and /-limonene, 
/-piperitonc, lip{)ione h.p./4 mm., 80 85"), 

a sal urated ketone, r/-fi-pinene, c//-dihydrocarvone, 
citral and camphor have been identified in different 
samples (Haines, TV, 706 : FI. Assam, TIT, 461 : U|)hof, 
218 : Choudhury & Bo.se, Sci. Cult., 1961, 27 , 101 ; 
Chem. Ahstr., ic^55, 49 , 3479 : 1957, 51 , 7^58). 

L. citriodora TT.B. tV K. — / 1 /ov.v/V/ iriph\IIa (I/IIerit.) 
Britton I^emon Ver»kna 

Chittenden, TTT, 1188: Youngken, 705, Fig. 358. 

A graceful shriih or small tree, 3-6 in. in height, 
indigcMious to S. America and c'ommonly grown in 
Indian gardens, especially on hills, where it some- 
times attains a considerable size : it can he raised as 
a pot plant in the plains. T.,eaves lanceolate, lemon- 
scented, in whorls of three ; flowers small, jxale purple, 
white or lilac, in terminal panicles (FI. M**idras, 1089 ; 
(iopalaswamiengar, 291). 

L. citriodora is propagated from seeds and cuttings 
and thrives well on loamy soil mixed with leaf mould. 
It is the source of the true Oil of Verbena. The plant 
is naturalized in southern Furopc and is cultivated 
on a small plantation scale in the Grasse region of 
southern France, Algeria and Tunis (Muenscher & 
Rice, 79 : Guenther, VI, 37 ; Gopalaswamiengar, 291). 

The leaves are used for flavouring beverages, 
desserts, fruit salads and jellies, for seasoning food 
and in the preparatitm of ptisan. They arc also used 


in sachets. A decoction of leaves and flowers is given 
as febrifuge, sedative and anti-flatulent (Mucn.schcr 
& Rice, 79-80 : Steinmetz, TT, 467). 

Fresh cuttings of the plant, containing stalks and 
adhering leaves, yield, on steam-distillation and 
cohohation, o. 1-0.7'’, of a greenish yellow essential 
oil (Oil of Verbena) with an agreeable odour, resem- 
bling tliat of lemon gra.ss oil but more delicate. The 
characteristics of the oil vary within the following 
limits: sp. gr.^*’, 0.8900.912 (rarely up to 0.920); 
Wn> —10° to -18° ; n-®*, 1.482-1.488 (exceptionally 
1.4793) ; .sol. in i-h vol. of 80% alcohol. The principal 
constituent of the oil is citral, 26-39% : the oil con- 
tains cineole, 4%,; terpenes (/-limonene and dipentene). 
22%, ; aldehydes and ketones (a- and /i-citrals, methyl 
heptenone. /-carvone and traces of furfural), 33% ; 
alcohols (linalool, J-n-terpineol, horneol, nerol, nero- 
lidol, geraniol, citronellol and cedrol), 20% ; .sestpii- 
terpenes (rf-/i-caryophyllene and probably a tricyclic 
sesquiterpene), 15';,', ; and traces of acetic acid and 
pyrrole. Concretes and absolutes of verbena have 
been prepared. True oil of verbena should not he con- 
fu.sed with Spanish Verbena Oil, derived from 
Thynuis hicmalis T^ange or Tndian Verbena Oil which 
is lemongra.ss oil. True verbena oil is expensive and 
is produced in small (piantities. Most common 
‘Verbena’ oils are skilful blends of citral or fractions 
of lemongrass oil and natural isolates of other essen- 
tial oils (Guenther, VT, 37-40: Poucher. I, 416-17; 
Parry, T, 270: Chcai. Ahstr., 1934, 28 , 3182). 

Verbena oil imparts refre.shing tonalities to toilet 
waters, ])erfumes and Fan de Cologne : it is used for 
scenting hath salts. Tt blends well with various ])er- 
fumes and may he used for flavouring licpieurs and 
non-alcoholic beverages. Tt is an effective insecticide 
(in I 2';n concentration) against mites and aphids 
(Guenther, VT, 40: Poucher, T, 417: Bett.s, Acta 
pliytothcr., /I;n.s7., 1955, 2 (i), 3; Irvine, Colon. PI. 
Aniw. Prod., 1955. 5 , 34]. 

L. nodiflora Rich.=^P//y/^/ nodiflora (Linn.) Greene 

\rVA\ V, 78 ; FI. Br. Ind., TV, «j63 ; Kirt. & Basu, 
PI. 731. 

TTindi ^ Benc. Bhni-okra ; M\r. —RatoUya ; Guj. 
— Ratveliyo, ratoHya : Tei.. Bokcnakit, hokkena ; 
TA^\.—Poduthalai ; Kan. —Ncladiippali ; Mai.. — 
Kattu-thippaU ; Oriy.\ — Bukkan. 

PtTNjAB —Bhuiokra, mokna, hukan. 

A creeping much-branched herb, rooting at the 
nodes, found in wet places along bunds of irrigation 
channels, canal edges and river hanks almost 
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throughout India astonihng up to y(X) in. in the hills. 
Leaves opposite, small, suh-scssilc, cuneale-spathulatc 
or ohovatc, sharply serrate at the apex ; flowers small, 
white or pale pink, in axillary heads ; fruits globose- 
oblong, dry. 

The plant is valued for making lawns in Kgypt. 
The leaves are reported to he eaten in Ceylon and an 
infusion is taken as tea in Philippines. The plant is 
saitl to possess cooling, diuretic and febrifuge proper- 
ties ; it is used in ischury, stoppage of bowels and 
pain in knee-joints. A paste or poultice prepared from 
the fresh plant is applied as supptirani (maturant) 
for boils, swollen cervical glands, erysipelas and 
chronic indolent ulcers. An alcoholic extract of leaves 
shows anti-bacterial activity against Ksclicriclim 
coli (Dal/iel, 455 ; Macmillan, 30a ; Ibirkill, II, 1353 ; 
Kirt. & Basil, III, 1916-17 : Nadkarni, 1, 746 ; Ceorge 
cl al., J. sci. induslr. Res., 1947, 6B, 42). 

Two glucosidic colouring matters, nodiflorin-A 
(C.sll.ijC,^, m.p. 186-87*^', yield 0.22';,,) and nodi- 
florin-B (Co;! ,, m.p. 282"" decomp., yield o.27^X,), 

have been isolated from the dried [)lant : on hydro- 
lysis, the former yields glucose and nodilloridine-A 
(C:iol lo,();, m.p. 128”), and the latter, glucose and 
nodilloridine-B (CaiHajO.,, m.p. 168"). Free lactose, 
maltose, glucose, fructt)se and xylose have been 
detected in the a(|ueoiis extract of the plant. 'Fhe 
plant also contains traces of a non-ghicoside bitter 
substance, an essential oil, resin, and a large atnount 
of potassium nitrate. The diuretic action of the jdant 
is perhaps due to the presence of potassium nitrate 
(foshi Bhakuni, /. sci. indttslr. Res., 1959, 18B, 525 ; 
Cho|)ra cl al., Indian ]. nicd. Res., 1945, 33 , 157). 

LIQUIDAMBAR I ann. (Ilaniantclidaccac) 

D.E.P., V, 78: C'hittenden. Ill, 1189. 

A small genus of deciduous trees distributed in 
West and East Asia and North and Central America. 
<\ll species yield an aromatic balsam, known as 
Storax or Styrax, used in medicinal preparations anti 
perfimiery. The two species of IJ(iuidafnhar from 
which storax of commerce is derived are L. oricn- 
lalis and L. sl\racifliia, both of which do not occur 
in India. Storax is imported into India chiefly from 
France ; small i|uaniiiies are obtained from U.K. and 
U. S. A. The (|uantity imported amounted to 864 cwt. 
(value, Rs. 67,318) in 1957. 444 ewt. (value. Rs. 65,267) 
in 1958, 169 cwt. (value, Rs. 41.592) iti 1959 and 
icx) cwt. (value, Rs. 51.35b) in 1960-61 (Howes, Econ. 
But., 1950, 4 , 315). 

Storax (^\NS. —Silliaka ; Ak.\h. Silaras ; Pkks.- 


LIQUIDAMBAR 

Mcilisila ; Hinoi, Bkn(;., Mar., (k j. & Kan. Silaras ; 

Tki.. Sliila rasani ; Ta.m. — Ncri-arisliil)[)al ; Mai.. — 
Rasanialla) is not a normal secretion of the tree, but 
a pathological product obtained as a result of wound 
stimulation, which induces the cambium to produce 
new wood with .schi/o-lysigenous ducts and cavities in 
which the balsam is set reted. The method of extract- 
ing storax dillers in the two plants (Hill, 169 ; Young- 
ken, 400). 

/.. oricnlalis Mill. (Orikmai. Sweki Hum), the 
source of Levant or Asiatic Storax, is a medium sized, 
tnuch-branched tree, growing to a height of 6-12 m. 
or more, with truncate, palmately 5-lohed leaves and 
monoecious, yellow flowers, in globular heads. The 
plant is a native of Asia Minor : large forests of the 
plant are found in the southwestern parts of the 
country. Its cidtivation may be tried in northwest 
India (Huenther, V, 243 : Nayar cV Hhopra, 35). 

The collection of storax commences when the tree 
is 3 4 years old. The hark is bruised or injured by 
beating and the balsatn soon exudes into the inner 
bark. The outer bark is then peeled and discarded. 

The inner hark, .saturated witli balsam, is stripped 
oil and boiled with water which cau.ses the balsam 
to separate and float to the top whence if is removed. 
Crude storax thus obtained is poured itito barrels, 
casks or catis for shi|)meni (Huenther, V, 243 ; Hill, 

169; Finnemore, ; Yoiingken, 400; U.S.D., 

1316). 

L. slyraciflua Linn. (Swi:r,r Hum, Hko Hum), the 
source of /Vmericati Storax. is a tall, pyramidal tree, 
reachitig a height of 15-40 tn.. sometimes even 45 m., 
found along the Atlantic coast from Connecticut 
southwards to Central Americi. 'The commercial 
supply of American Storax is now almost exclusively 
obtained from Honduras where large forests of L. 
slyraci/lna are found. 'Hie storax is not present in all 
the trees and those cotitaining it, particularly old 
trees, have to be searched out. The balsam is present 
as at (umulations in small natural pockets beneath 
the hark ; the pockets are located by collectors as 
excrescences formed outside tbe bark and are 
tapped. The method fre(|uently followed is to make 
an incision in the excresience and insert a small 
gutter: the viscotis exudation flows out slowly into 
a collecting ve.ssel. It is filled in drums for shipment 
(Huenther, V, 249-51). 

Crude Levant storax is ati opatpie, greyish to 
greyish brown, semi-li(|tiid which deposits, on stand- 
ing, a dark brown oleoresin. Crude American storax 
is a brownish , viscous or a semi-solid mass which 
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softens on ^enlle heating. Indian and British Bharina- 
copoeias ret:ogni/e only the Levant storax pnrilied by 
extraction with alcoliol. while U. S. Pharmacopoeia 
recogni/es both Ixvant and American storax. I'he 
pnrilied storax, olHcial under the name Prepared 
Storax or Styrax Praeparatiis, occurs as a yellowisli 
brown, nIscous mass, transparent in thin layers and 
possessing an agreeable balsamic odour and taste. 
Prepared storax shoidd he completely solul)Ie in 90‘X, 
ahohol : the material dried over a water bath for 
I hr. should have the following characteristics: total 
balsamic’ acids, ^0.0' : acid val., 55-90 : ester val., 
100-155 : sap. val., 170 200 : .'ind loss on drying in a 
thin layer, 5.0"... C'ommercial samples are often adul- 
terated with turpentine, rosin, castor or olive oils, 
lahdanum and other resins ((iuenther, V, 245-54 ; 
B.P., 1(^58, 625 24 : U.S.P., 1(^55, 674: l.P., 5<9o ; 
Puller, 714). 

Ihirilied storax is compo.sed principally ol an 
alcoholic resin, named storcsin (55-5c>','<.) occurring 
free .nid as cinnamic ester ; it contains also free cinna- 
mic acid (5-15"..)' citniamyl cinnamate or styracine 
(5~io phenylpro[)yI cinnamate (c . lo".,), and small 
amounts of ethyl cinnamate, hen/yl cinnatnate, 
styrene (phc'iiylethylene), a pleasant smelling li(|iiid 
probably styrocamphene, and traces of vanillin. 
Steam-distillation of storax yields a pale yellow to 
d.uk brown volatile oil. Oil of Storax, with a pleasant 
hut peculiar odour. 'Phe commercial oil is distilled 
exc lusively from Americim storax (yield. 15 20“,,) : 

I he yield from lA-vant storax is poor (0.5-1. o",,). The 
yield of <»il and its composition depend upon the 
method and duration of distillation. Besides styrene 
and ( inn.'unates. the oil contains free phenylpropyl 
and (innamyl alcohols and cinnamic acid (Merck 
Index. 905-06; (iuenther. V, 246-49, 255 54). 

Storax is used for scenting soaps and cosmetics, as 
a lixalive for heavy |)erfumes, in the preparation of 
adhesives, laccpiers and incense and as an ingredient 
of many pharnuK euiii al pre|)araiions ; it is used 
.also for llavouring tobacco. Oil of storax is an ingre- 
dient of several |)erfume compounds, particularly 
those of oriental character. The residual bark (from 
L. oricHidlis) left after the extraction of balsam is 
used for fumigation 1 1 till, 169: Krishna Bacihw’ar, 
/. .sc/, indnslr. Res., 1949, 8(11), suppl., 192: Guen- 
ther, V, 254 1 . 

Storax resembles balsams of Peru and Tolu (from 
,M\'ro\\lf)n spp.) in its action and is used as a stimu- 
lating expectorant and aiitiseptic, and in ointments 
for scabies and other parasitic skin diseases. It is at 


present seldom ii.sed in medicine except as an ingre- 
dient of Tinctura Ben/oini Composita. A syrup 
[)repared from the bark of L. slynici/Ina is used in 
dysentery and diarrhoea (Mariindale, I, 278 ; U.S.l)., 
>955' >5>7 : I -I'*. 594 

L. joriHosana I lance (Kkachan i’ Maim.e) is a hand- 
.some tree, growing to a height of 25-30 m., with 3- 
rarely 5-Iobed leaves, indigenous to south and central 
("hina. It has been introduced into India and is 
reported to be grown in Lalbagh gardens, Batigalore 
(Chittenden, III, 1189; Krumbiegel, 35). 

I'he tree yields a balsam, knowui as Chinese Storax. 
similar to lA*vani storax. It contains cinnamic' acid 
(16',’,,). cinnamyl alcohol, horneol, a resin alcohol 
(probably storesin), and volatile constituents (1.8 87/,). 
Jhe leaves on steam-distillation yield 0.057.. of a 
volatile oil consisting princip.illy of terpenes (S87,,), 
/-(i-pinene, camphene and /j-pinene predominating 
(Krishna (S: Badhwar, loc. cit. : I 'tiller, 715 : Wehmer, 
I. 452 : ( Jieni. Ahstr., 1954, 28 , 3524). 

The wood of L. fontiosanu (cellulose. 50.5 : lignin, 
30.6 ; and pentosan, 19.2 ’..) has been tried as a source 
of paper ptilp in Formosa. It is used for tea chests in 
China. In Kwantiing, leaves are used as food for silk- 
worm (Chem. Abstr., 1(940, 34 , 5656; Krumhiegel, 
35; Chittenden, III, 1189; Uphof. 218). 

Liquorice — see Glycyrrhiza 
Liquorice, Indian — see Abrus 

LIRIODENDRON I /mn. {Mn^iitthtieede) 

Bailey, ic;47, II, iSc/), PI. LXVI. 

A small genus of trees native of Noith America 
and ('hin.'i. /.. iidilyifera ('ri i.ii* Tkee), a native ol 
eastern North America, has been introduced into 
some hill stations in India. 

L. tulildfenr Linn, is a tall deciduous tree with 
|)yramidal habit, at times attaining a height up to 
75 m. (hole, 30 m.) and diam. 4.2 m. : usually, it is 
much smaller. Bark thin and scaly in young trees, 
becoming thick and furrowed with age ; leaves 
simple, trilobed, 7.0-15.0 cm. long and nearly as 
broad, with truncate apex and roundish base ; 
flowers tulip-shaped, greenish yellow, orange within, 
fragrant ; fruit brown, cone-like. 

The tulip tree is grown in gardens for its hand- 
some foliage and large flowers. It is well adapted for 
planting as shade tree in parks and avenues and in 
hedges. It thrives in well-drained sunny situations 
and may be propagated by transplanting seedlings or 
by layering. A number of horticultural varieties arc 
known to exist (Osborn, 403). 
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L. tutipifcra is a valuable forest tree in U.S.A. and 
the source of Yellow Poplar, White Wood or 
Canary Wood of commerce. The timher is yellowish 
brown in colour, lustrous, soft, light (wt., 25-30 
Ib./cu.ft.) with Hne straight grain. It is stiff and 
durable, though not very strong, and is easy to season 
and work. It is used for mill work, furniture, carving, 
musical instruments, boats, light constructions and 
veneers. The wood has been tried as a raw material 
for paper pulp ; it contains : total cellulose, 35.6 ; 
and a-ccllulose, 28.55%. The pulp obtained by kraft 
process is comparable to commercial pulps in strength 
but is somewhat difficult to bleach (Howard, 643-44 ; 
Record & Hess, 345; Hill, 104: Titmuss, 142 ; Chen 
& Catneron, Industr. Engng Chem., 1942, 34 , 224 ; 
Cficm. Abstr., 1955, 49 , 9274). 

The hark of the root, trunk and branches is a 
hitter aromatic, antipyretic and diaphoretic. It has 
been used in rheumatism, dyspepsia and as anti- 
malarial. The root bark contains an alkaloid (tuli- 
piferin), traces of a glycoside, essential oil, yellow 
colouring matter and tannin. A lignan diglucoside, 
liriodendrin (C..,,H,„ 0 ,h, m.p. 269 70”) has been iso- 
lated from the inner bark (Hocking, 128: Tehon, 
74: Dickey, y. org, Clinu., 1958, 23 , 179; U.S.D., 
' 947 * Wehmer, I, 336). 

The leaves arc reported to be eaten by cattle : they 
contain hydrocyanic acid, btit only in traces. The 
[lowers secrete an abundance of nectar : the nectar 
available to bees from a single tree is reported to he 
suflicient for 2.16 Ih. of honey, reddish amber in 
colour and of good flavour (// Puhl. imp. agric. Bur., 
No. 10, 1947, 163; Chem. Abstr., 1939, 33 , 2181; 
Marvin, /. exon. Ent., 1933, 26 , 170). 

LITCHI Sonn. {Sapindaccae) 

A genus of trees comprising two species, L. pit Hip- 
pinensis Radik, found wild in the Philippines and 
L. chinensis indigenous to .southern China and culti- 
vated widely for its edible fruits. 

L. chinensis (Gaertn.) Sonn. syn. Nephelium litchi 
Cambess. Litchi, Lychee 

D.E.P., V, 346 : C.P.. 793 ; FI. Br. Ind., 1 , 687 ; 
Och.se et al., I, 726. 

Hindi & Beng.— L/ t7i/. 

An evergreen tree, ia-12 m. high, with broad 
round-topped crown of glossy green foliage: leaves 
pinnate with 2-9 leaflets ; flowers polygamous, small, 
greenish white or yellowish, in terminal panicles ; 
fruit globose or oblong to ovate, 2.5 cm. or more in 



FIG. 50. litchi CHINEN.SI.S-FRUITING BRANCH 


(liam. with a dark or light red or yellow rind, faint- 
ly or sharply tiihercled and brittle ; aril lleshy-white, 
translucent, juicy, covering fully a large, dark brown, 
elliptic seed. 

Litchi is reported to have been introduced into 
India from China towards the end of the eighteenth 
century. It is now cultivated in a niunher of countries, 
outside Cliina, including India, Burma. Indo-China, 
'Fhailand. 8. Japan, Formosa, Australia, New 
Zealand, Hawaii. U.S.A. . Brazil. West Indies and 
South Africa : India and South Africa are the largest 
producers outside China (Popenoe, 315 : Hayes, 277 ; 
Marloth, Ftttg in S. Afr., 1947, 22 , 823, 863 ; Singh & 
Singh, 2). 

The total area under litchi in India is estimated 
at 23,950 acres, of whic h 23,600 acres are in N. Bihar, 
mostly in Mu/alfarpur and Darhhanga districts. 'The 
rest of the .area under litchi lies in the suh-montane 
districts of Saharanpur, Dehra Dun and Muzaffar- 
nagar in Uttar Pradesh : it has been successfully 
cultivated al.so in Gorakhpur, Deoria, Gonda, Basti, 
Fai/ahad, Ramj)iir, Bareilly, Bahraich, Kheri and 
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Pilibhit districts. Litchi is cultivated to a small extcilt 
near Hooghly in West Bengal and near Pathankot 
in Punjab. Though favourable conditions for its 
culture exist in many parts of S. India, it is almost 
unknown there ; a few plants are found in Kallar and 
Burliar Fruit Research Stations (Nilgiris) and in the 
vicinity of Bangalore. Recent studies have indicated 
the possibility for growing litchi in Araku valley 
(Visakhapatnani dist., Andhra Pradesh) with protec- 
tion against hot winds in summer (Singh 6 C Singh, 
2-3; Hayes, 277; Naik, 405; Somayajulu, Andhra 
agrk\ ]., 1955, 2 , 314 ; 1957, 4 , 88). 

The cultivatccl types of litchi are numerous and 
form a complex evidently derived from more than 
one wild progenitor. They arc so intermingled, that 
it is not possible to locate their geographical distri- 
bution. As many as 74 types are reported to be under 
cultivation in China, of which 15 are considered im- 
portant. The letter types have larger fruits with 
small, freciucntly abortive seeds and bear heavily. 
In India, considerable confusion exists regarding 
the classiKcation and nomenclature of types culti- 
vated in Bihar and U.P. In Bihar, out of 33 select- 
ctl types failing under 15 categories ten have been 
recommended for large scale cultivation, viz, Purbi, 
Kasba, Redana, Early Bedana, Late Bedana, Bedana 
Dvlira Dun, Desi, China, Rose and Dehra Rose. Simi- 
larly, twelve types from among those grown in 
Saharanpur ami Dehra Dun in U.P. have been des- 
cribed and five have been recommended for cultiva- 
tion, viz. Late Seedless, Early Large Red, Kalkattia, 
Rose-Scented and Gulahi ; of these Late Seedless and 
Kalkattia are comparatively more resistant to hot 
winds (Zoo) than others. In Punjab, some fine 
orchards have been established in Panjorc (Ainbala 
dist.) ami near Pathankot and the types commonly 
grown are Panjore Common, Rose-Scented, Bhadwari, 
Seedless No. r & 2, Dehra Dun and Kalkattia. 
Panjore Connnon is a heavy bearer and is recom- 
mended for commercial cultivation (Hort. Abstr., 
1955, 25 , 140 ; Ochsc et aL, I, 728 ; Singh & Singh, 
27, 71 ; Vyas, Bull Dep. Agric., U.P., No. 12, 1943; 
Singh & Sarin, hidian J. Hort., 1957, 14 , 103). 

Climate cS* Soil — Litchi is rather exacting in its 
re(|uircmcnts of soil and climate ; for successful cul- 
ture the following requirements are considered essen- 
tial : (t) humid atmosphere, («) freedom from injuri- 
ous frosts, (m) abundance of soil moisture, and 
(iv) deep loamy soil ; it docs not fruit well in tropical 
regions, except at elevations high enough to be cold. 
The limiting factor for its extensive cultivation in 


the large tracts of Uttar Pradesh, which are other- 
wise well suited, is the prevalence of hot dry wind 
(Zoo) during May-June, which causes the skin of the 
ripening fruit to split and renders it unmarketable. 
A moderately heavy rainfall (c. 60 in./year) and high 
humidity (69-84%), as obtaining in southern China, 
arc ideal for litchi culture, but these are not essential 
if the orchard is irrigated as in parts of Bihar and 
U.P. (Popenoc, 317, 319; Chandler, 324; Hayes, 

278- 79; Singh 6 c Singh, 14-17). 

The litchi is said to succeed best when planted in 
deep rich soil near banks of irrigating canals. It does 
well on .sandy loam, but a considerable proportion of 
clay is an advantage. The soils of litchi growing areas 
in Bihar and U.P. are rich in lime, but its growth is 
satisfactory on many types of soils, provided they arc 
deep and well-drained. In South Africa, the tree 
grows vigorously on acidic soil and under such condi- 
tions, a beneficial fungus is found in mycorrhizal 
association with roots (Singh 6 c Singh, 17 ; Hayes, 
279 ; Vyas, loc. cit. ; Marloth, loc. cit.). 

Propagation & Culture Litchi is usually propa- 
gated vegetaiively. It can also be grown from 
seedlings, but trees so raised are variable in fruit 
quality and take long to come to bearing. Most culti- 
vated types do not produce an abundance of seeds ; 
further, seeds lose their viability rapidly if allowed 
to dry after separation from the fruit. Propagation 
by seed is recommended only for raising rootstocks 
for grafting purposes. 

Among the vegetative methotls of propagation, air 
layering or gootce or .some modification thereof is 
the practice in India. The best time for layering is 
June and layers arc ready for transplantation in the 
nursery during the monsoon ; nursery plants arc 
ready for pIcTUting in the orchard during the follow- 
ing monsoon. Propagation by cuttings, inarching 
and grafting is possible, but is not commonly em- 
ployed (Singh & Singh, 11-14; Naik, 405; Hayes, 

279- 80 ; Vyas, loc. cit.). 

Layers are planted in pits 3 ft. x 3 ft. x 3 ft., dug 
30 ft. apart, and filled with a mixture of well rotten 
farmyard manure, leaf mold and .silt. Young plants 
are sensitive to frost and are protected during winter 
by thatch (Vyas, loc. cit. ; Singh & Singh, 17-18). 

In Bihar, where the soil is naturally fertile, no 
manure or irrigation is given. Irrigation is necessary 
from January till the break of the monsoon in the 
dry areas of U.P. A mixture of leaf mold or farm- 
yard manure fortified with castor or neem cake, hone- 
meal and wood ash is applied in December when new 
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shoots are about to appear ; fish or fish meal (6-8 lb./ 
tree) may also be applied. Mulching of fallen leaves 
or other organic matter in beds or basins round plants 
is recommended. A dressing of potash, phosphate and 
calcium, in quantities appropriate to the age of the 
tree, is beneficial. Pruning is practised to some extent 
in China and Burma, particularly when crowding 
occurs. Pruning is said to improve yield and quality 
of fruits in old trees | Singh & Singh, 18-20 ; Vyas, 
loc. cit. ; Hayes, 281; Popenoe, 319-20; Singh, 
Indian /. HorL, 1952, 9(4), 53 : Katyal & Chadha, 
Fertiliser News, 1961, 6(4), 9]. 

Diseases & Pests — ^Hardly any serious disease has 
l)een reported on litchi. A leaf spot, caused by Pesta- 
lotia pauciseta Sacc., affects the leaves ; the spots 
which are of brownish colour arc particularly conspi- 
cuous on the lower surface of the leaf. The incidence 
of the disease is high in December. Spraying with 
lime-sulphur is effective in controlling the severity of 
the disease [Tandon et al., Proc. 7iat. Acad. Sci. India, 
1952, 22B(i-5), 21]. 

A number of insect pests are recorded on litchi ; 
the most severe among them in India h litchi mite 
[Eriophyes sp.) causing leaf curl. Young leaves are 
more commonly attacked than old ones. Removal 
and burning of infected leaves and branches is re- 
commended as a control measure. Painting the stem 
with coal tar or banding with cloth soaked in crude 
oil emulsion prevents mites from climbing up the 
stem. Spraying with crude oil emulsion, or kerosene 
and flowers of sulphur, or soft soap and flowers of 
sulphur, or 0.5% D.D.T. is effective in controlling 
the pest. A bark-eating caterpillar {Indarbela tetra- 
onis) bores into the bark and underlying tissues of 
older trees ; it is checked by plugging holes with 
carbon disulphide, petroleum or formalin and plas- 
tering with mud during October-November fSingh 
& Singh, 23-25 ; Hayes, 282 ; Roy & De, Indian /. 
llort., 1950, 7 (i), 16]. 

Bats and birds cause much damage particularly at 
the time of fruit ripening. They may be kept away 
by netting the trees (Vyas, loc. cit. ; Singh & 
Singh, 26). 

Fruiting 6f Harvesting — Layered trees come into 
bearing in 3-6 years of planting ; seedling trees 
take 8-12 years. The tree bears staminate, herma- 
phrodite and pseudo-hermaphrodite flowers. Flower- 
ing starts a few weeks after the cold weather. Spray- 
ing in early autumn with sodium naphthalene 
acetate increases spring flowering. In regions in 
which the spell of cold weather is brief, flowering 


lakes place intermittently and in flushes. Whole 
branches of the tree or the entire tree may l^ear only 
hermaphrodite flowers for a short period during 
which no pollen is shed, though pistils are func- 
tional ; this affects the setting of the crop. The failure 
of some litchi trees in the plains of S. India is attribut- 
ed, among other causes, to low percentage of flowers 
with normal pistils. In most parts of N. India, trees 
come to flower in February ; in Bangalore, the trees 
blossom twice a year ; in Kallar and Burliar, blossoms 
appear usually in December. Pollination is necessary 
to stimulate fruit development and seedless fruits, 
in which seeds are shrivelled, result from non-ferti- 
lization due to self- or cross-sterility [Khan, Agric. 
/. India, 1929, 24 , 183: Chandler, 321-22 ; Shigeura, 
Rep. agric. Exp. Sla. Univ. Hawaii, 1946-48, 138 ; 
Nakata, Bot. Gaz., 1955-56, 117 (i), 126 ; Singh & 
Singh, 6-8 ; Naik, 406 ; Hayes, 283]. 

Fruits are harvested from the middle of May to 
the end of June or July in most areas of N. India. 
Fruits arc picked from April to May in Nilgiris. The 
maturity of fruit is indicated by colour, flatness of 
tubercles and brittleness of cpicarp. Harvesting is 
usually done by breaking off long bits (c. i ft.) of 
the stem with bunches of fruits, as this serves the 
dual purpose of pruning the tree and delaying the 
wilting of fruit. For the local market, fruits are 
allowed to remain on the tree until fully ripe ; for 
distant places, fruits arc picked when they are just 
beginning to turn red. The yield increases gradually 
from year to year until the trees reach their prime 
(c. 20 years) ; trees remain in profitable l)earing for 
more than a century. A five year old tree may give 
c. 500 fruits, while a tree at its prime may give 
4,000-5,000 fruits (160 to 330 lb.) per annum. Indivi- 
dual trees are reported to have given as many as 
15,000 fruits (1,000 lb.), while in China yield as high 
as 1,500 lb. per tree has been reported (Singh & 
Singh, 20 ; Hayes, 283 : Naik, 406 ; Vyas, loc. cit.). 

Storage — ^litchi fruits are usually consumed fresh. 
They remain in fit condition for 3-5 days, after which 
they get discoloured and spoiled : they may be kept 
for a slightly longer period, if pre-treated with 0.5% 
copper sulphate solution and stored in perforated 
polythene bags. Fruits may be dried by exposure to 
sun and air for about 2 weeks, when they lose c. % 
of their weight ; they may be dried in forced draft 
tunnel dehydrators and packed in vacuum sealed 
cans. Dried fruits have brown and brittle skin and 
dark brown shrunken aril ; the flavour of dried aril 
is distinct from that of fresh aril but still pleasant. 
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Dried fruits, Litrlii Nuts as they arc called, are pro- 
duced in CHiina and exported to Kiirope and America 
for use in C'liinese restaurants | Hayes, 284 : Singh & 
Singh, 21 ; Singli, Indian /. Hart., 1957, 14 , 205 : l\al, 
Indian Fnig, N.S., 1951-52, 1(3), 13 : Bull. cent. Fd 
tcchmd. Res. Inst., Mysore, 1955-56, 5 , 145]. 

Under optimum conditions of cold storage (32-35^ 
K. and S^-yo';.. humidity) litchi can he preserved for 
about 10 weeks : tlie period can he slightly prolonged 
hy wra|)ping the fruits in polythene hags. The fruits 
lose their attractive colour hut they taste somewhat 
sweeter than fresh fruits. When packed along with 
moss or leaf in polythene hags and stored at 45®!"., 
ripe fruits retain their fresh colour and appearance 
for about 2 weeks : semi-ripe fruits can he kept well 
for a year or more under cold storage (Bull. cent. Fd 
teclinol. Res. Inst., Mysore, 1954-55, ^* 5 ’ Verma 

& Roy, Proc. Bihar Acad, as^ric. Sci., 1953 54, 2 & 3 , 
1 28 ; Biol. Ahstr., 1956, 30 , 4194-95, 4205 ; Mukerjee, 
Sci. & Cult., 1955-56, 21 , 603 : 1957-58, 23 , 10 1 ; 
Chandler, 323). 

Litchi arils can he preserved hy canning with 
syrup. Among the types tested. Purbi appears to he 
the best for canning purposes. Addition of 4% tarta- 
ric acid solution to the syriij) checks hrow'ning. Can- 
ning is done in parts of U.P. and Bihar | Porterfield, 
Fcon. Bot., 1951, 5 , 30: Miller el al., 92, 178 ; Singh 
& Singh, 21-22 ; Verma & Ahmad, Indian Fd Packer, 
' 957 - > 1 ( 2 ). 7 l- 

Marketinfr The gr(»wer usually sells the produce, 
far in advance, to a middle man or contractor who 
purchases the entire crop. Fruits intended for des- 
patch to distant markets (recpiiring 3-4 days for 
transport) arc picked when yellow with slight reddish 
tinge and packed along with leaves or moss in small 
hamhoo baskets (10 in. deep) or wooden boxes (ij/i ft. 
y I ft. X I's ft.). In China, a solution of (oinmon salt 
is sprinkled over fruits to prevent rapid spoilage 
(Vyas. loc. cit. : Verma & Roy, loc. cit. : Singh & 
t, 21 22). 

Utilization -The litchi fruit (wt., 8.8 22.2 g.) con- 
sists of })eel (8-15*', .), aril (70-86'’..) and .seed (4-18%). 
'Hie aril, vvliich can he reaclily separated from seed, 
is soft and juicy with a delicious llavour and is gene- 
rally eaten fre.sh. It yields 38.7-58.7% of juice 
(density, 16.0-18.6^* Be) containing: total sugars (as 
invert sugar), 12.1-14.8: reducing sugar, 9.0-13.7; 
non-reducing sugar, i.o 3.4; acidity (as citric acid), 
0.22-0.36%; and ascorbic acid, 34.5-45.4 mg./ 100 g. 
Analy.sis of fresh arils gave the following values; 
moisture, 84.5: protein, i.o; fat (ether extr.), 0.3: 


carbohydrates, 13.6 ; fibre, 0.4 ; and mineral matter, 
0.5%; calcium, 10 mg.; phosphorus, 30 mg.; iron, 
0.4 mg. ; thiamine, 28 jug. ; nicotinic acid, 0.4 mg. ; 
riboflavin, 61 /xg. ; and ascorbic acid, 24 mg. / 100 g. ; 
carotene, nil (Belavady & Balasiihramanian, Indian 
J. agric. Sci., 1959, 29 , 151). 

'Hie fruit shell is reddish brown in colour and 
contains cyanidin diglycoside and a yellow antho- 
xanthin. The hark of the tree contains tannin (Singh 
et al., Indian For., 1958, 84 , 571 ; Sharma & Seshadri, 
/. sci. industr. Res., 1955, ^* 0 * 

Litchi seeds are used in Indo-China for intestinal 
troubles ; in Malaya, they are used as anodyne and 
prescribed in neuralgic disorders and orchitis (Kirt. 
& Basil, T, 637). 

LITHIUM MINERALS 

Tathium (at. wt., 6.94 ; at. no., 3 ; d“"', 0.534 ; m.p., 
186°) is a metallic element belonging to the alkali 
group of metals. Though more widely distributed 
in the earth’s crust (c. 0.004%) than lead or tin, depo- 
sits of lithium minerals in commercially exploitable 
concentrations are limited. Lithium is found in 
traces in mineral waters and in plants and animal 
organisms. 

The common lithium minerals are; amhlygonite, 
lepidolite, lithiophilite, petalite, spodumene and zinn- 
waldite. The lithia (LijO) content of the minerals 
varies from 2 to 10%. They are usually found as 
constituents of 'complex type* of granite pegmatite. 

Amhlygonite |Li Al. PO, (F, OH); 
sp. gr., 3.1 ; H., 6| is a fluo-phosphate of lithium and 
aluminium with hydroxyl replacing part of the fluo- 
rine. The mineral is usually ma.ssive, cleavahle and 
white. It resembles white felspar hut is heavier. 
Transparent varieties are also known. 

Lepidolite [chiefly KLiAlaSi;, 0 ,„ (OH, F)2 ; Li^O, 
3-5%, ; sp. gr., 2.8 -3.0 ; H., 2.5-4.0I commonly known 
as lithium mica, is a silicate of aluminium, potassium 
and lithium, with v.iriahle amounts of hydroxyl and 
fluorine. It occurs in compact aggregates of small 
scales and is characterized by a lilac, purple or rose- 
red colour. Cookeite is a secondary pink or white 
hydrous lithia mica, sometimes found in association 
with red or green tourmaline, lepidolite and spodu- 
mene. It exfoliates when heated. 

Lithiophilite fLi (Mn, Fe) PO4 ; sp. gr., 3.48 ; H., 
4.5-5.0] is a lithium manganese phosphate, usually 
containing iron as a partial replacement of manga- 
nese. The mineral in which the manganese is wholly 
replaced by iron is termed as Triphylite (LijO, FeO. 
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PaO;.). Litliiophilitc is salmon-pink or clove-brown in 
colour. 

Fetalite (LiaO. AlaO.,. 8 SiOj ; LijO, 2-4% ; sp. gr., 
2.39-2.46 ; II., 6.()-6.5) is a lithium aluminium silicate, 
found in association with lead minerals. It is usually 
massive, cleavahle, and while or greyish in colour. 

^podinncnc ([ja^^- AlaO..,. 4 SiOg : Liaf^* 8.4% ; T/i, 
3.7 VX, ; sp. gr., 3.15-3.20: 11., 6. 5-7.0) is lithium 
aluminium silicate occurring as distinct prismatic 
crystals, often of large size, with square or rounded 
cross-section ; it is also found as massive ore with 
broad cleavage surface. The mineral is usually dull 
greyish white. The transparent emerald-green 
(Hiddenite) and purple (Kunzite) varieties are used 
as gemstones. 

Zitimvahlile (lithium-iron mica) |K(Iii, Fe, Al) 
(AlSia) 0,„(0II, F)a : Li^^* 2 3%] has the composi- 
tion of hiotite mica, hut contains lithium in addition. 
Ft is one of the rare micas and usually occurs in 
small crystals or (lakes. It is pale yellow, hrown, grey 
or violet in colour. 

DISTRIBirriON 

Bihar — Lepidolite is found as an accessory mineral 
in some of the pegmatites and granite veins of the 
Bihar mica field. In Ilazarihagh dist., it occurs in 
considerable (piantity in a granite dyke, south-west 
of Pihra (24^38' : 85°48'3o"). The dyke is composed 
of white felspar, t|uartz and irregular masses of scaly 
aggregates of lejiidolite (violet red to greyish violet 
in colour) in which small grains and crystals of cassi- 
terite are disseminated. An analysis of the violet red 
variety of lepidolite showed the mineral to contain 
3.71* 0 lithia. I..cpidolite has been located in another 
dyke south-east of Pihra and also north of Bhuladi 
(24^41' : 85^47'). About a mile south of Manimundar 
(24*^37' 185^^49') blocks of lepidolite are found strewn 
on the shies of the hill. In Monghyr dist., lepidolite 
occurs in pegmatites near Bijaiya and Asarhua 
I Mallet, Rec. freol. Sarv, India, 1874, 7 (i), 43 ; Indian 
Miner,, 1958, 12, 174]. 

Kashmir— Iw Padar dist., transparent crystalline 
blocks of lilac-coloured amhiygonifc is sometimes 
found in a valley north of the sapphire mines of 
Soomjam (33^27' : 76''23'). The mineral occurs in 
granite and is associated with green lithia-tourmaline 
and cookeite fT^a Touche, Rec, geol. Surv, India, 1890, 
23(2), 65 ; Mallet, ibid., 1905, 32(3), --^ 1 - 

Madhya Pradesh —In Bastar dist., two deposits of 
lepidolite-hearing pegmatite have been located, near 
Mundval (i8°39':8i°56'). The mineral occurs in fine- 


grained masses and analyses to 3.34% lithia and 
4.88 Vo fluorine. Of the two deposits, one occurs alx)ut 
360 m. south of Muiiilval and extends east-west for 
about 270 m. ; it outcrops again along the same strike 
c. 360 m. further west. The other deposit is found in 
a hill 550 in. south-west of the locality. Several 
hundred tons of lepidolite are re|)orted to \yc avail- 
able in the region |Cro()kshank, Rec. geol, Surv. 
India, 1935, 69 (i), 38: 1936, 71 (i), 45: Krishnan, 
ibid., 1939, 74(3), 421]. 

Mysore — Spoduinene is found in some of the 
l)egmatites at lower levels of Ooregaum mine, Kolar 
Gold Field. The mineral (LiaO, 5.80%), which is 
green in colour, is a.ssociated with small (|uautities of 
lithia mica and lirhiophilite, and some of it has alter- 
ed into greenish and pinkish muscovite-like material 
(Rao & Rao, Rec. Mysore geol. Dep., 1938, 37 , 38). 

Rajasthan — In the south-west part of the former 
Jodhpur stale, lepidolite occurs as an accessory 
mineral in some granite porphyries associated with 
the Jalor granite |Ghosh, Rec. geol. Surv. India, 
>933* ^ 7 (i), 6o|. 

BENKFICIATION 

The three important lithium-hearing minerals, 
namely, amhlygonite, lepidolite and spoduinene 
occur in pegmatites in lumps or masses, commonly 
in association with felspar and c|uartz. They arc, 
therefore, to he first hand-picked and sorted. Ambly- 
gonirc and spodumene, if closely associated with peg- 
matite, are crushed and subjected to gravity concen- 
tration. A simple n>ethod of concentrating spodii- 
mcnc consists in calcining the ore. preferably in shaft 
kilns, at 1070°-! 080°, when it is transformed from 
the original a-form into a soft pulverulent /J-form. 
The calcined product is then .selectively grotmd in a 
pebble mill (wooden blocks may also be used in place 
of pebbles) and recovered by screening, or air 
flotation. 

The average specific gravity of lepidolite is 2.85, 
not much higher than that of the usual gangue 
minerals ; and ordinary gravity methods are not 
satisfactory for concentrating this mineral. It is neces- 
sary, therefore, to re.sort to air flotation or other 
suitable method after preliminary hand-sorting and 
crushing. 

EXTRACTION OF UrillUM 

The method employed for the extraction of 
lithium from lepidolite consists in heating the finelv 
ground ore with an excess of potassium sulphate 
when lithium sulphate is formed. The material is 
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extracted with water and the extract treated with 
caustic potash to precipitate iron and manganese as 
hydroxide. Lithium is separated from the solution 
as lithium carbonate by treatment with sodium 
carbonate (La idler, 4). 

For recovering lithium from spodiimene, the ore 
is roasted to t*. iicx)® to convert a-spodumene to the 
pulverizahle j8-varicty. The material is then treated 
with sulphuric acid under critical conditions of time 
and temperature to bring about substitution of 
lithium by hydrogen in the mineral. The lithium 
sulphate thus formed is leached out from the residue, 
and lithium recovered from the leachate as carbonate. 

I^ithium metal is commercially produced by the 
electrolysis of fused chloride. A fused mixture cem- 
taining 52% lithium chloride (c. 95% purity) and 
48% potassium chloride is used for electrolysis : 
lithium bromide is sometimes added. Graphite or 
carbon is used as anode and cast steel as cathode. 
Lithium metal of pnrity is obtained by using 

a bath composition with low melting point to avoid 
metal fog : contact with nitrogen and water is pre- 
vented and the bath is kept free of iron oxide, silica, 
sulphates, barium, calcium and sodium (Kirk & 
Othmer, I, 432 ; Indian Miner,, 1958, 12, 64 : 
Laidler, 16). 

Lithium is a silvery white metal and the lightest 
of elements which are solid at ordinary temperature. 
It tarnishes in moist air. It is harder than other alkali 
metals, but softer than lead. It decomposes water at 
ordinary temperature, liberating hydrogen and form- 
ing lithium hydroxide. It burns in air or oxygen to 
give lithium oxide and forms lithium nitride when 
heated in nitrogen. Lithium has two isotopes, 6 
and 7. 

USES 

Some of the lithium minerals find direct use in 
industry. I^pidolite is used in the glass industry as a 
fluxing agent on account of its high content of 
potash and fluorine, in addition to lithia. It is a good 
opacifier and is used in the manufacture of opal, and 
white opa(jue and heat-resisting glasses. Spodumene 
in the ^-form is used in the production of whiteware 
ceramics. 

Lithium salts are employed in the glass and cera- 
mic industry for the production of certain types of 
glasses, glazes and enamels. Lithium carbonate en- 
hances the gloss of glazes used for table and sanitary 
ware ; it is used also for increasing the strength and 
resistance to weathering of glazes used for electrical 


porcelain. Lithium fluoride is used for similar pur- 
poses. Lithium fluoride and fluophosphate are used 
in the production of enamels. Lithium chloride and 
bromide arc extremely hygroscopic and find applica- 
tion in air-conditioning. lathium chloride is used in 
welding fluxes, especially for aluminium. Lithium 
hydroxide is used in the manufacture of lithium 
stearate used in special purpose lubricating greases. 
It is also used for absorbing carbon dioxide in con- 
fined working spaces, e.g. submarines. Lithium salts 
are used in fireworks to produce red colour. Lithium 
nitrate and perchlorate contain r. 70% and 60% of 
oxygen and may be used as oxygen donors in some 
missile fuels. During World War II, lithium hydride 
was used as a source of hydrogen for balloons em- 
ployed for sea and air rescue operations. 

Both lithium carbonate and chloride have fungi- 
cidal properties and are sometimes added to citrate 
beverages. Lithia water, containing soluble citrate or 
carbonate, is sometimes used for assisting in the 
elimination of uric acid in the treatment of gout 
and rheumatoid affections. In large or concentrated 
doses, lithium salts cause unpleasant symptoms and 
thus should be taken in high dilution. 

Lithium is used as a degasifier and refining agent 
tor copper, nickel and other metals. It is added to 
aluminium, magnesium, lead and zinc as an alloying 
agent to improve their hardness, toughness and 
tensile strength. 

There has been no production of lithium minerals 
in India. The requirements of Indian industries are 
met by imports. The more important producers of 
lithium minerals are U.S.A., South-West Africa and 
Argentina. 

LITHOCARPUS Blumc {Fagaceae) 

A genus of evergreen trees, sometimes shrubs, 
distributed chiefly in South-East Asia, China and 
Japan ; one species occurs in western Nf)rrh America. 
This genus was previously considered a synonym of 
Quercus Linn. ; a few species were dealt with under 
Pasania Oerst. by some authors. About twelve 
species are found in India. 

L. fenestratus (Roxb.) Rebel, syn. Quercus fenes- 
trata Roxb. 

D.E.P., VI (i), 380 ; FI. Br. Ind., V, 608. 

Beno. — Kala chakma, 

Nepal — Arkaula ; Lepciia — Kashiendung ; A.s.sam 
& Manipur — Kuhi, ka-diengjing. 

A tree, 9-12 m. in height and 0.9-1.2 m. in girth, 
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with a hole 4.5-6.0 111. long, louiid in eastern Hima- 
layas, Assam and Manipur up to an altitude of 
2,400 111. Bark greyish brown, fissured, exfoliating in 
irregular scales : leaves elliptic-oblong to lanceolate, 
very variable ; flowers in tomentose panicles or fasci- 
cles, monoecious ; fruit (acorn) a globose nut, almost 
enclosed by the cupule. 

L. fenvstratm is regarded as a suiiahle fuel and 
timber tree for cultivation in tea estates in Darjeeling. 
Sajiwood pale ; heart wood red, hard and heavy (wt., 
56 Ib./cu.ft.) ; it is used for building purposes and 
agricultural implements in Khasi hills (Macalpine, 
Tocklai c.v/). Sla. Memor,, No. 24, 1952, 147 ; FI. 
Assam, IV, 317 ; Gamble, 680). 

The hark and acorns are reported to be used for 
dyeing in Manipur, fhe bark contains 10-16% 
tannin and can be employed as a tanstufF ; it gives 
a leatlier of light colour (Badhwar ct al„ Indian For. 
LcafL, No. 72, 1949, 15). 

L. pachyphyllus (Kiirz) Kehd. syn. Qncrens pavliy- 
phylla Kurz 

D.F.P., Vl(i), 385 ; FI. Br. Ind., V, 608 ; Kin. & 
Basil, PI. 913. 

Nepal Sutignrc kalus ; Lepciia Srikunff. 

A tall tree, 24 36 111. in height and 3.6-4.5 m. in 
girth with a bole 9-12 m. long, found in eastern 
Himalayas and hills of Assam ; a variety, var. fruii- 
cosa, met with in Manipur at altitudes of i,5(x>’ 
3, (KM) m., is only a shrub or a small tree. Bark grey 
brown, rough ; leaves elliptic to oblong-lanceolate ; 
flowers in spikes, monoecious ; nut (acorn) depressed- 
globose. almost entirely enclosed in cupules which arc 
tonfluent, forming irregular masses. 

Natural reproduction of L. pach\pli\llus is rather 
poor ; a large percentage of acorns arc infertile and 
subject to attack of insects and other animals. Arti- 
ficial reproduction, though difliciilt, is secured by 
direct sowing in lines, or by root and shoot cuttings 
of nursery- raised seedlings. The annual girth in- 
crement is 0.63-0.78 in. pachyphyllus is suitable 
for growing as a fuel and timber tree in tea 
estates in Darjeeling (Troup, 111 , (949 : Macalpine, 
loc. cit.) 

The wood is grey, moderately hard and heavy 
(wt., 50 Ih./cu.ft.). It seasons well without warping or 
splitting, and is tlurable. It is used for planks, palings, 
shingles etc. It is a good fuclwood ; calorific value: 
S(//)te'()or/ - -4,854 cal., 8,738 B.t.u. ; //(Y/r/7eao(/-— 4,(935 
cal., 8,884 B.t.u. (Gambie, 679 ; Krishna & Rama- 
swami, Indian For. Bull., N.S., No. 79, 1932, 22). 


Tlie l)ark (tannin content, 22';r.) and acorns (tannin 
content of cups, 14-16/,.) arc used for dyeing and 
tanning in Manipur; leaves contain 10-12% tannin. 
Bark and acorns arc used medicinally as astringents 
(Badhwar ct al., loc. cit.) 

L. spicatus (Sm.) Rehd. & Wils. syn. (Jucrcus spicatn 
bin. 

D.F.P., VI (I), 387 ; FI. Br. Ind., V, ^oij. 

\\h\Si;.—Bara chaknia. 

Nepal Arkaula ; As.sam Tcnii-sakho. 

A tree, 12 18 in. in height and o.(/-i.5 m. in girth 
with a bole 6-9 m. long, found in the Himalayas 
from Nepal eastwards, Assam hills and Manipur up 
to an altitude of 1,800 m. Bark grey, smooth ; leaves 
very variable, oblong, oblanceolate or lanceolate : 
flowers monoecious or dioecious in spikes ; nuts ovoid 
or conical, with saucer-shaped cupules which may be 
free or connate, 'rhe tree is commonly found 
in moist depressions, often grcgarii^usly ; it coppices 
profusely (rroup. III, 94(9). 

The wood is reddish hrown, rough- and fibrous- 
grained, hard and heavy (wt., 56 63 Ib./cu.ft.). It does 
not warp and is durable, especially under cover. It 
is used for building purposes, well construction, 
ploughs, mortars and helms of boats. It is also used 
as firewood and for making charcoal. Bark and 
wood contain, respectively, 10-14';.. and 6 9';.'. tannin 
(Gamble, 680: Howard, 417; Burkill, 11 , 1858; 
Badhwar cl al., loc. cit.). 

L. dcalhatus (Hook. f. & Thoms.) Rehd. syn. 
Oucrcus dcalbata Hook. f. I'homs. is a shrub or 
small tree, found in Bhutan, Manipur, and hills of 
Assam up to an altitude of 1,800 m. The wood is 
reddish and hard : it is used as fuel. 'I'he hark con- 
tains io-i3',o tannin |Bor, 122 ; Edwards ct al., 
Indian For. Rcc.. N.S., Clicni. & Minor For. Prod., 
1952, 1(2), 144]. 

L. lappaccus (Roxh.) Rehd. syn. Qucrcus lappacca 
Roxb. is a small or medium-sized tree found in 
Assam up to an altitude of i,2ix> m. 'Fhe wood is 
reddish, hard and heavy (wt., 56 Ib./cu.ft.) : it is suit- 
able for cabinet work. 

L. thomsonii (Mi(|.) Rebd. syn. Qucrcus thonisonii 
Mi<j. is a tree, 24-30 m. in height, found in Khasi hills 
between 600 and 1,500 m. The wood is used locally 
as fuel. 

L. xylocarpus (Kurz) Markgraf syn. Qucrcus xylo- 
car pa Kurz is a large tree with connate acorns found 
in Assam and Manipur up to an altitude of 2,100 m. 
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The nuts are eaten raw or roasted (Fl. Assam, IV, 

Lithographic Stones — Limestone 

LITHOSPERMUM Linn. {Boraginaccac) 

A genus of annual, biennial or perennial herbs, 
suhshnihs or rarely shrubs distributed mostly in 
America ; a lew have been recorded in Eurasia and 
Africa. Three species occur in India. 

L. arvense Linn. Corn Cromwell 

Kl. Br. Ind., IV, 174; Chopra ct al., 705, Fig. 159. 
A herbaceous, erect annual, 30-60 cm. high, found 
from Kashmir westward. Caulinc leaves lanceolate, 
strigose, lower leaves petioled, obovate-oblong ; 
flowers white, rarely bluish, in racemes ; nutlets 
ovoid-oblong, pitted, acutely lubercled. 

The plant contains an alkaloid, cynoglossine, with 
curare-like action, and possibly also a gluco-alkaloid, 
consolidine, which paralyses the central nervous 
system. The plant extract, leaf infusion and seeds arc 
used in the same way as those of L. officitiale (q.v.) 
(Watt & Breyer-Brandwijk. 153 ; Chopra et «/., 705 ; 
Kirt. & Basil, III, 1702; Cham. Abstr., 1955, 49 , 
12616). 

The plant is used as fodder for camels and sheep 
in Baluchistan : it is suspected of poisoning stock in 
Australia. A red dye extracted from the roots and 
bark of the plant is used for colouring ointments, 
etc. (Burkill, 1909, 52 ; Webb, Bull. Cotin. set. industr. 
Res. / 1 //.S 7 ., No. 232, 194S, 25 : Jacobs & Burlage, 28). 

L. officinale Linn. Gromweli. 

D.E.P.. V, 81 ; Fl. Br. Ind., IV, 175. 

An erect, hispidly hairy perennial, 0.6-1. 2 m. high, 
found in Kashmir and Kumaon at altitudes of 1,500- 
2,700 m. Leaves oblong-lanceolate, rough, strigose ; 
flowers small, white, fading yellowish, in racemes ; 
nutlets small, ovoid, white, smooth, shining. 

'I'be leaves of the plant contain: tannin (8%), fat 
rutin, a waxy ester (m.p. 80°) and ^-sitosterol. 
An infusion of the leaves is used as sedative in Spain. 
The root is considered depurativc ; it contains a red 
pigment. A decoction of roots and twigs is given in 
the form of syrup in eruptive diseases, such as small- 
pox. measles and itch. The seeds arc diuretic and 
lithontriptic ; they are used as an electuary in gout 
and bladder diseases (Allen, VII, 363 ; Cham, Abstr., 
1925, 19 , 92 ; Davis & Ross, Cham. & Ind., 1955, 
1739 ,* Kirt. & Basil, III, 1701 : Roi, 266 ; Wehmer, II, 


1018 ; Crevost & Petelot, Bull. aeon, tndocli., 1934, 
37 , 531 ; Steinmetz, II, 302). 

The nutlets, especially the pericarp (ash content, 
29.3%), are rich in calcium carbonate and calcium 
silicate. The kernels (32.2% of the wt. of nutlet) con- 
tain (dry basis): fatty oil, 54.34; protein, 34.6; 
starch, 4.94 ; fibre, 2.78 ; and ash, 3.68%. The oil has 
the following characteristics: 1.485; iod. val., 

179.2 ; sap. val., 187.0: and R. M. val., 6.5 (Wchmer, 
II, 1018 ; Cham. Abstr., 1940. 34 , 4931). 

The aerial parts and roots of the herb contain a 
substance which inhibits the secretion of the pitui- 
tary gonadotropic hormone. Saline extracts admini- 
stered- to experimental animals by injection, inhibit 
oestrus and the functioning of ovaries and testes ; 
the activity of the thyroid gland is also reduced. 
Oral administration is less effective. Properly pre- 
pared extracts of the herb are non-toxic and their 
use as human contraceptive has been suggested. The 
herb retains its activity at room temperature for one 
year ; it is rapidly inactivated at kxi” (Cham. Abslr., 
* 955 » *2713; 1953, 47 , 5544; Nature, Loud., 

1954. 174 , 215). 

LITSEA Lam. {L auraeeav) 

A large genus of dioecious trees or shrubs distri- 
buted chiefly in tropical and suh-tropical Asia to 
Australia and the Pacific Islands. About 43 species 
are found in India. 

L. cubeba Pers. syn. L. citrata Blume 

Fl. Br. Ind., V. 155. 

Nepal — Siltimur ; Lepcha — T finghacrchcrkung, 
terhilsok ; Assam — Mejankeri ; Khasi — Dieng-si-ing ; 
Garo — Zeng-jil ; Lushai — Sarnam. 

A deciduous aromatic shrub or a small tree found 
in eastern Himalayas, Assam and Manipur up to an 
altitude of 2,700 m. Bark greenish, warty ; leaves 
lanceolate or ovate-lanceolate, somewhat inequi- 
lateral, membraneous ; flowers in umbels or 
corymbs ; fruit glolwse. 

Most parts of the plant arc aromatic and yield 
volatile oils. The characteristics of oils from flowers, 
fruits, leaves and bark are given in Table i. Flowers 
are reported to be employed in Tonquin for flavour- 
ing tea and for the extraction of an oil (May-Chang 
Oil) used in perfumery. It has a pleasing aroma 
suggestive of rose and coriander (Poucher, I, 265 ; 
Finnemore, 329). 

Fruits are aromatic and yield on distillation a 
volatile oil with an odour reminiscent of verbena oil. 
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TABLE 1— CHARACTERISTICS OF VOLATILE OIIS FROM I.ITSFA CHBEBA 


Source 

Flower’ .* 

Fruit '•* 

I.eaf.'* 

Baik’3 

Yield (%) 


4 5* 

5.4 

0.13 41.8 1 

Sp. gr. 

0.866 

0.867 

0.899 0.904 

0.866 0.906 

(at 20 ) 

(at 30 ) 

(at 15 ) 

(at 15 ) 

l■>lo 

+ 20.03^ 

1 5.8 ' 

12 to -k 

f-IO to +21 ’ 

n 

1.4620 
(at 20 ) 

1 .4702 
(at 30 ) 

•• 


Ester val. 

7.65 

6.72 


230 252 

(al'liT ai'cl ylalioii) 


^ Chvm. sXbslr., 192.^, 17, 1300. “ 'I'hc Howcr oil coiitaiiiK: cilral, S.l ; fret' alcohols, 44.S ; and csicrs. 2.7“,', ; il coniains j^craniol, 

d-linalool, tcrpincol, limoncnc and traces of saturated aliphatic aldehydes (Kiniiemore, 329; Poiicher, I, 265). 'Clwm. .\hstr., I9.W, 
33, 1878. ‘‘ Tlic fruit oil contains: eitral, 70; and methyl heptenoiie, 20'V, ; small amoiims of limoneue, dipenieiu* and liiialool are 

present {Chem. Ahstr., 1939, 33, 1878). •'* Gildemeister & llMlfmaim, II, 499 500. " 'I'he leaf oil contains: cineol, SO; camphene, 
4; a-terpineol, 7; and ses(}uiterpene, I'^'o {Chem. Ahstr., 1953, 47, 5637). ' 'rhe hark oil contains: eitral, 8; citronellal, 10; gera 

niol(?), 56.5; and esters, 2.4% (Gildemeister ik Hoffmann, 11, 499 500). * Parry, I, 153. 


The oil has recently gained importance in China as 
a source of eitral (yield, usually So'*..) and is reported 
to he particularly suitahle for the production of 
methyl ionone. Citral and methyl ionone derived 
from the oil possess a finer odour than those pro- 
duced from Icmongrass oil (Gildemeister & lloff- 
mann, IF, 499 ; Perfutn. cssctit. Oil Rcc., 1959, 50, 79). 

The aromatic seeds yield 22",, of a pale yellow fat 
(ni.p. 40-42”) used for lighting purposes. The fat 
extracted from seeds of plants growing in India lias 
the following characteristics: sp. gr.’’- , 0.911 : 
1.4404 : iod. val., 5.9 ; sap. val., 269.5 ; acid val., 0.6 ; 
and unsapon. matter, i.7‘,V) : the comjionent fatty 
acids are: lauric, 96.1 : and oleic, 2.2';,). The seed fat 
from plants growing in Formosa ditfers considerably 
in fatty acid composition ; it contains: lauric, 55.2 ; 
capric, 22.9 : myristic, 4.5 : and uiisaturatcd acids, 
19.6% (Crevost & Petelot, Bull, ccati. Indoch., 1954, 
37 , 752 ; Puntamhekar, /. biduui chem. Sac., industr. 
Edn, 193S, I, 19 ; Narang dk Puntamhekar, J. Indian 
chem. .Sot*., 1957, 34 , 135: Chcni. Ahsir., 1940, 34 , 
2625). 

I'he leaves and hark of the plant also yield volatile 
oils (Table 1). Two alkaloids, laurotetanine 
(Ci,,H.^,()jN.H.,(), m.p. 125”) and methyl ‘ laurote- 
taninc (C.,„H.,, 0 ,N) have lieen isolated from the 
hark : the former is a powerful tetanic jioison 
(Wehmer, suppl., 120 : Manske & Holmes, IV, 125). 

1'hc tree is planted for sliade in plantations in 
Indo-China. Pat silkworms are reared on the leaves 
of this tree in Assam. The wood (wt., 36 Ih./cu.ft.) 
is grey and soft. The fruit is edible. Ft is aromatic and 
carminative and is reported to he used in Fndo-China 
for headache, dizziness, liysteria, paralysis and loss 
of memory. Ft is also used as a preservative for lish. 


Fn Fndonesia, the fruits arc used as a substitute for 
cuheh pepper (Piper etiheha lann.) (Crevost & Petelot, 
loc. cit. : V\. Assam, FV, 81 : Gamble. 570; Van 
Sti*enis-Kruseman, Bull. Ori^, sci. Res. Indonesia, 
No. 1 8, 1953, 27). 

L. glutinosa (I..f»ur.) C. B. Robins syn. L. chinensis 
Lam. : L. schifera IVrs. 

l).k:.P.. V, 83 : C.l\ 544 ; FI. Br. Ind., V, 157 ; Kirt. 
& Basil, PI. 833 B. 

Hindi — Maida lakri, frarhijaur ; F^kno. Knkur 
cliita, f^arnr, ralun ; Mak. Maida lakadi ; Guj. — 
Maeda lakari ; Tei..— AT r/rrr/ naramamidi ; 

Tam. Mushaippeyelti, elumpnnikki, uralli ; Oriya 
— Jaisanda. 

Plnjah Afeda sak, eliandra, ineda lakri ; Nerat. - 
Kazcala ; I.ergiia — Suppalnyok ; Assam -Heluka, 
bagnara ; Oroii — Medh ; Madhya Pradesh — Menda. 

An evergreen shrub or tree, up to 25 m. in height 
and 1.5 m. in girth, with a clean hole 6.0 m. long, 
found throughout India, ascending up to an altitude 
of 1,350 m. in the outer Himalayas. Bark brownish 
grey, somewhat corky, viscid inside : leaves very 
variable in size and shape, elliptic-ovate or ohlong- 
lanceolate, puix'seent, aromatic : flowers in umbellate 
heads, yellowish ; fruit globose, black or purple. 

The plant may he propagated by seed or by coppice 
shoots. It stands a fair amount of shade and grows 
fast; the recorded annual girth increment varies from 
0.88 to i.oi in. (Fiiirkill, IF, 1354; Trouj), 111 , 797). 

The wood is yellowish grey to greyish brown, gene- 
rally with darker lines, lustrous when first exposed 
hut becoming dull with age : hcartwood not distinct ; 
moderately liard, moderately heavy (sp. gr., c. 0.67 ; 
wt., 43 Ih./cu.ft.), fairly straight-grained or somewhat 
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wavy-graiiicd in the radial plane, medium and even- 
textured. The timber seasons well ; green conversion 
and slow drying of converted material are recom- 
mended. It is durable, works to a dull surface but 
takes a good polish. The wood is reported to he used 
for hou.se building, furniture, packing ca.ses, agricul- 
tural implements and oars. It is suitable for floor 
boards and ceilings, and packing chests ; it does not 
stand extremes of wet and dry exposure (Pearson & 
Brown, II, 850-52: Lewis, 328: Macmillan, 215). 

The bark of L. glutinosa constitutes the common 
demulcent drug sold in Indian bazars under the name 
Maida Lakri or Maida Lakadi. It is available in the 
form of broken (piills or pieces, a few inches in 
length. It is mucilaginous, feebly balsamic and mild- 
ly astringent. It is used in diarrhoea and dy.sentery. 
Ground and pasted material is used as an emollient 
application for sprains, bruises and rheumatic and 
gouty joints ; it is also used as a styptic dressing for 
wounds. Laurotetanine, tannin and a reddish brown 
colouring matter arc present in the bark |Kirt. & 
Basil, III, 2159: Nadkarni, I. 748: Burkill, II, 1354: 
Dymock, Warden & Hooper, III, 211-13; Edwards 
<7 al.^ Indiaii For. Rcc.^ N.S.^ Chem. & Minor For. 
Prod., 1952, 1(2), 1 59], 

The leaves arc mucilaginous and considered emol- 
lient and antispasmodic. They are used in infusion 
or as poultice for bruises and wounds : flower buds 


are credited with similar properties. In parts of India, 
the leaves are used as cattle fodder (Kirt. & Basil, III, 
2159; Burkill, JI, 1354; Laurie, Indian For. Lcafi., 
No. 82, 1945, 9). 

The fruit is edible. The seeds yield 35% of a fat 
witii strong aromatic odour and disagreeable taste. 
It has the following characteristics: sp. gr.'*"”, 0.919 ; 

1. 445 1 ; iod. val., 6.3 : sap. val., 274.1 : acid val., 
4.5 ; and unsapon. matter, 1.25%. The component 
fatty acitls are: lauric, 96.3 : and oleic, 2.3%. The fat 
is used in China and Java for making candles and 
white .soap. Refined and deodorized fat may be used 
for edible purpo.ses. It is a rich source of lauric acid 
and may be utilized for the preparation of lauryl 
compounds u.sed as detergents (Burkill, II, 1353-54; 
Williams, K.A., 285 ; Puntambekar, loc. cit. : Narang 
& Puntambekar, loc. cit.). 

The root is sweetish bitter, astringent ami tonic. 
In Philippines, a decoction of the root is used as 
emmenagoguc (Kirt. & Basil, III, 2159; Quismnbing, 
326). 

L. monopetala (Roxh.) Pers. syn. L. pidyanlha Juss, 

D.E.P., V, 82: C.P., 1009: FI. Br. Ind., V, 162; 
Kirt. & Basil, PI. 834. 

Hindi -Meda, kalmarra, patoia, kakuri ; Beno. - 
Bara knkur chita ; Mak. — Ranamha, rapa^nha : Tkl. 
— Naramamidi ; Tam. — Maidalagadil, muchaippv- 
yclli, picinbattaw ; Oiuya — Baghoari, kulya, hastura. 

Punjab — Rian, gzva, liarcin, meda lakri, karkazva ; 
Nepal — Ratmanii, kadnivro ; Lfpcha — Sunyok-knng, 
sapot-ktnig : A.ssAiM — Muga, hoanlii. 

A small to medium-sized tree, sometimes attaining 
a height of 21 in. and a girth of 1.8 m., found 
throughout North, East and central India and in 
Orissa and Circars up to an altitude of 1,200 m. : it 
is often planted for ornament. Bark dark grey or 
pale brown, exfoliating in corky scales : leaves 
elliptic-oblong, ovate or obovate, glossy, coriaceous ; 
flowers in umbels or corymbs, white or pale greenish 
yellow ; 'fruits globose-ellipsoid, bl;ick when ripe. 

The tree is reported to he a fast grower, the record- 
ed mean annual girth increment l)eing 1.05-3. 14 in. 
The wood is yellowish or olive-grey to brownish, 
turning dull and dark with age : it is fairly smooth, 
straight- or .somewhat wavy-grained, medium-coarse 
and even-textured, moderately hard and light (sp. gr., 
c. 0.45 ; wt., 26 Ib./cu.ft.) (Troup, III, 798 ; Pearson & 
Brown, II, 853-54). 

The timber seasons well with negligible cracking, 
splitting and twisting, though discolouration and 
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decay arc often observed. Conversion of logs imme- 
diately after felling and stacking in the open with 
adequate protcctif)n against white ant attack, gives 
good results. The wood is not durable and is readily 
attacked by fungi and insects : it is dillicult to treat 
with an antiseptic. The wood is occasionally used for 
house building, furniture, oars and agricultural 
implements. It is used for tea boxes in Assam and 
Bengal and is considered suitable for internal cons- 
truction and plywood. It is a good fuel wood : calori- 
fic: value: .s7//)woor/ -5,099 cal., 9.179 B.t.u. (Pearson 
& Brown, II, 854 -55 ; Indian For., 1948, 74 , 279 ; 1952, 
78 , 277 ; Krislma & Ramaswami, Indian For. Ball., 
N.S., No. 7C9, 1932, 19). 

The hark is mildly astringent and is reported to 
he used for diarrhoea. Powdered hark and roots are 
used in external applications for pains, bruises and 
contusions ; they are also used for fractures in 
animals. The hark contains an irritant substance and 
tannin |Kir!. Ik Basu, III, 2160; Nadkarni. I, 74S : 
Biirkill, II, 1356; Kdwards ct al., IndiaJi For. Rcc., 
N.S., Chnn. & Minor For. Prod., 1952, 1(2), 159]. 

The leaves have a cinnamon-like odour when 
bruised : they are used as feed for Mnga silkworms 
in Assam. They are also used as cattle fodder 
(Laurie, Indian For. Lcafl., No. 82, 1945, 9). 

The seeds yield 21“/, of fat (yield from seed kernel, 
33%) with the following characteristics: m.p. 38.5" : 
acid val., c;8.9 ; sap. val., 244.8 : and iod. val., 34.4 : 
constituent glycerides: trilaurin, 97* n and triolein, 
2.6%. It is used for candle manufaciure and also in 
ointments for rheumatism |Burkill, 11 , 1356 ; Rodger, 
103 : Krishna cl al., Iiidian For. Rcc., N.S., Chem., 

'936. i(i)> 38]- 

L. stocksii Hook. f. 

V\. Br. Ind.. V, 176 : Kirt. & Basu, PI. 833A. 

M.\\{. - Pi si, fyoslia ,* Mal. — Varikccra. 

A small or medium-sized tree found in the hills 
of \vestern Deccan Peninsula up to an altitude ol 
1,800 m. Bark smooth, brown : lc*aves elliptic-oblong, 
coriaceous : flowers in uinhels or racemes, yellowish 
white ; fruit ellipsoid, dark purple when ripe : seed 
brown, oblong. 

The leaves are mucilaginous : an infusion of 
leaves is given in irritations of bladder and urethra. 
The seeds yield 31.6% of a fat (m.p. 39") consisting 
mostly of lauric acid with a small anioimt of oleic 
acid. It is applied to sprains and itches. The fruits 
contain a volatile oil. Lourotetaninc is possibly 
present in the plant (Kirt. & Basu, III, 2162 : Hooper, 


/Ign'c. Ledger, No. 5, 1911-12. ibi : I)ymi)ck, 

Warden cV Hooper, III, 213). 

L. angustifolia Hook. f. (Assam Tliarham, dudlii- 
klunisau, khmvai-phang ; MA.viruH Haihru) is a 
shrub or small free found in Assam and Manipur. 
The wood is white or light brown and soft, k'orked 
steins arc locally u.scd as buflalo yokes (Gamble, 572 : 
FI. Assam, IV, 88). 

L. chartacca Hook. f. is a moderate-sized tree 
found in eastern Himalayas and Lushai hills in 
Assam. It is a good fuel wood : calorific value: sap- 
zvood — ^5.243 cal., 9,439 B.t.u. (Indian For., 1948, 74 , 
279 : Krishna & Ramaswami, loc. cit.). 

L. coriacea Hook. f. (Tam. — Panni thali ; Mai.. - 
Maravciti thali) is a small tree found in the Deccan 
Peninsula. The wood is used for fuel ; it is also suit- 
able for match boxes and sjilints (Bourdillon, 270 : 
Rama Rao, 345). 

L. dcccanetisis (kainble syn. L. tomenlosa Heyne, 
non Blume (Tam. — Perutnbatidali ; Bombay — Kurak) 
is a modcraie-si/cd tree found in the hills of Deccan 
Peninsula between 600 and 1,800 m. 'Hie wood is 
yellow, wavy-grained, stringy, heavy and diflicult to 
work. It is suitable for rafters, wall plates and tea 
boxes (Lewis, 327). 

L. glahrala Hook. f. (Tam. — Ongakanni ; Mai.. — 
Unkakanni) is a free fountl in the hills of South 
India at altitudes of 900-1, 8()o in. Tlic wood (wt., 
32 Ib./cii.ft.) is pale olive-yellow, glossy, slightly 
mottled, smooth, moderately hard and resistant to 
insect attack : it can be used for planking and boxes 
(Bourdillon, 271). 

L. land folia Hook. f. (Nki»ai. — Kali pahetde, 
niakai, kath) is a shrub or small tree found in eastern 
Himalayas and Assam. The wood is suitable for 
construction purposes. 'Hie bark is reported to con- 
tain latiroletanine : it is used in poultices for sprains 
and wounds (Burkill, II, 1355). 

L. nitida Hook. f. (Nkpai. -L/ioprc ; As.sam — 
Kailialna, lohati, snpin-ur throng) is a moderate-sized 
or large tree found in eastern Himalayas, Bihar and 
Assam. The wood is used for posts (FI. Assam, 
IV, 90). 

L. salidfolia Hook. f. (Nkpal Sanipal, sanu- 
pahetde ; LKi»t:iiA — Senaslielknng ; Assam — Digloli : 
K}h\s\ - Diengdali) is an evergreen shrub or small 
tree with very variable, lanceolate, elliptic or oblong 
leaves, found in north-eastern parts of India from 
Oudh U) Assam, ascending up to an altitude of 
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2, OCX) 111. in the Himalayas. The leaves are used as 
feed for Muga silkworms in Assam. 

L, wightiana Hook. f. (FI. Br. fnd.) in part (Bombay 
— Kengi ; Nii.cihis — Kenju) is a medium-sized or 
large tree found in the hills of Deccan Peninsula 
he! ween 900 and 2400 m. ft yields a resin which is 
locally used as a substitute for frankincen.se. 

The wood (wt., 46 Ib./cu.ft.) is yellowish brown, 
shining and moderately hard. It is used for rafters 
and as fuel. The bark contains tannin [Rama 
Rao, 346 ; Bourdillon, 270 ; Cameron, 230 ; Ftl wards 
ct (iL, Indian For. Rcc., N.S., Clinn, & Minor For. 
Prod., 1952, 1(2). 152]. 

Litsea spp. — sre Neolitsea 
, Liver-flukes and other Flukes - srr Parasitic Worms 
Livestock — .sir Supplement 

LIVISTONA R. Br. (Pahnac) 

A small genus of tall, graceful palms with fan- 
shaped leaves found in South-East Asia, Malaysia 
and Australia. One species is indigenous to India ; 
a few others are grown for ornament. 

L. australis Mart. Ai sikai.ian Fa.\ Palm 

Blatter, 107. 

A tall palm, 12-24 native of Australia, 

cultivated in Indian gardens. Leaves orbicular, 
0.9- 1. 2 m. diam., borne on spreading and decurved 
petioles: fruit globose, 1.8 cm. diam., with thick 
crustaceous pericarp. 

Basal parts of young .shoots of the palm are edible ; 
consumed in exce.ssive cjuantities, they cause internal 
complaints. The outer part of the stem is moderate- 
ly hard ; it is occasionally used for walking sticks 
and building slabs : hollowed trunk is used as pig 
trough. Leaves are ii.sed for baskets and the fibre 
obtained from unexpanded fronds is valued for 
making hats (Webb, Bull. Conn. sci. industr. Res. 
Aust., No. 232, 1948, 124: Firminger, 304: Copala- 
swamiengar, 374 ; Blatter, 108-09). 

L. chinensis R. Br. syn. L. ntanriliana Wall. 
CiuNK.sK Fan Pal.m 

FI. Br. Ind.. VI, 434 ; Blatter, 104, PI. XXVII 

A fairly tall palm, 6-9 m. high, native of China 
and Japan, commonly cultivated in gardens in India 
and Andamans. Stem stout, obscurely annulate ; 
leaves uniformly flabellate, t.2-1.8 m. diam., with 
50-60 segments. 

This palm is perhaps the commonest and the most 
ornamental fan palm grown in Indian gartlens. It is 
fairly frost-resistant a.id grows well throughout 


India. It can be easily propagated by seeds which arc 
produced in great abundance (Benthall, 440 ; Gamble, 
734-35 ; Firminger, 304). 

The leaves of the palm are u.sed for making fans. 
Fibrous sheaths of leaf stalks arc made into rojies 
(Blatter, 106). 

L. jenkinsiana Griff. Assam Fan Palm 

D.E.P.. V, 86 : FI. Br. Ind., VI, 435 : Blatter, loi. 

Assam — Toko pal ; LEPtaiA — Talainyom, tulac- 
m\om, pit r hong. 

A graceful palm, 6-9 m. high, with thick round 
crown, commonly found in lower hills and outer 
valleys of Sikkim and throughout A.s.sam, mostly in 
Nowgong district and Naga hills. Leaves 1.8 -2.1 m. 
X 1.5 1.8 m., reniformly flabellate, divided into 70 So 
segments: petiole spinous throughout ; flowers small, 
clustered on small tubercles: drupe 1. 8-2.5 
diam., lead-blue in colour. 

This palm is commonly cultivated in gardens. It 
bears tough, light and durable leaves which are used 
for covering tops of doohrs (palatuiuins) and roofs of 
boats, and for making hats. They are also used 
for thatching. Nuts have been tried for making 
buttons (Gamble. 734 ; Cowan & Cowan, 138 : For. 
Res. India, 1952-53, pt II, 113). 

L. rotundifolia Mart. syn. L. aliissitna Zoll. 

Java Fan Palm 

Blatter, 106-07 : Brown 1941. I, 312. 

A tall, erect, slender palm, 12-15 ni. high, native 
of the Philippines and Malaya, and grown in Intlia 
for ornament. Leaves 0.9 -1.5 m. diam., sub-orbicular, 
palmatifid with 30-90 segments: petiole 1.8 m. long, 
compressed spines in lower part : flowers in aggregates 
of 3-4, globose, yellow : fruit globular. 

This is one^of the most handsome palms cultivated 
in gardens. The cellular tissue in the central part of 
the stem furnishes sago. A gum exudes from injured 
parts of the trunk. The leaves arc used for packing 
in some parts of Indonesia. They are used also for 
thatching, boat-sails, raincoats anti hats. Buds 
arc edible and esteemed as a vegetable : fruits arc 
eaten by animals and birds (Blatter, 107 ; Benthall, 
441 : Brown, 1941, I, 312 : Burkill, II, 1358 : Fox.. 
Philipp. J. Sci., 1952, 81 , 335). 

The trunk of this palm is sometimes used in 
Philip|)ines as pillars in houses ; it takes a beautiful 
finish and lasts well when not exposed to dampness. 
It is used for walking sticks and golf sticks. The 
outer part of the trunk is stripped and used as floor 
covering (Burkill, II, 1358 ; Brown, 1941, I, 312). 
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LIZARDS (Class Repiilia, order SquamatHy sub- 
order Lacertilia) 

D.E.P., VI (i), 428-35 ; Fn. Br. Ind., Reprilia and 
Amphibia, 1935, II, 440 pp. 

Lizards, of which about 2,500 species arc reported, 
constitute one of the dominant groups of tlie present 
tlay reptiles. They are cosmopolitan in distribution 
hut are more common in the tropics. About 250 
species belonging to 8 families occur in India. 

Lizards exhibit great variety in shape, size and 
structure. The majority of these are terrestrial ; 
arboreal, burrowing and acpiatic forms are not un- 
common. Terrestrial forms are rather depressed, 
while arboreal and aquatic forms are compressed 
from side to side ; burrowing or stihterranean forms 
arc usually cylindrical and elongated and sometimes 
limbless. Lizards are usually protectively coloured 
and the skin is normally covered with a layer of 
horny scales, often underlain by bony plates. The 
limbs are generally well developed and climbing 
lizards arc e(|uipped with adhesive pads. Many of 
the lizards can break their tails at will : the broken 
segment retains its muscular irritability for some 
lime thereby distracting tlie attention of the pursuer 
and enabling the lizard to escape. 

Most lizards are oviparous : a few viviparous 
species arc also known. The fooil usually consists of 
insects, worms and other small animals : some 
species arc almost exclusively vegetarian. With the 
exception of some Mexican species, lizards are non- 
poisonous. The flesh of many species is eaten and 
some lizards are believed to possess medicinal 
virtues. 'J’he skins of about two dozen species are 
tanned and the leather used for fancy apparel, shoes, 
slippers and household articles (Regan, 341 42 : 
Thomson, 741-42 : Pycraft, 529-32 ; Kncyclo|)aedia 
Biitannica, XIV, 244 : (rAhreu, /. Hnmhay nal. Hist. 
So(\, 1932-33, 36 , 269 ; Reese, 177 : Pagnon, ]. Lcath. 
Technol. Ass. Indui, 1957, 5 , 227). 

Of the lizards found in India, the geckoes (Gckko- 
nuhw), agamids {Agamid(U-) and scincids or skinks 
{Scincid(w) are the most numerous ; chameleons 
(Cdiamacleonidae) and dihamids [Dibamidac] are 
represented by a single species each, lacertids [Luccr- 
lidac) by about ten species, anguids or glass snakes 
{Anguidae) by one or two species, and varanids or 
monitors [Varauidat^ by four species. 

Gckkonidac — ^Thc geckoes are nocturnal, soft- 
skinned lizards with adhesive expansions on their 
dilated digits, well adapted for ascending walls and 
crawling on ceilings. Hcmidactyhis brooki Gray, the 



I’lG. 52. WAI I. I.IZARD— HF.MIDACTYI.US BROOKI 

common member of the family, is the house 
gecko or wall lizard (Sans. — Mttsali, sarata ; Hindi — 
Chipkili ; Bknc;. — Tiktiki : Tei.. B(dlic ; Tam. — 
P(illic). Other members of the family found in India, 
some of which are known by the same vernacular 
names, include: the red gecko [H. maciilettus Dum. 
^ Bihr.), a large species found in South India and 
Bombay : Prashad’s gecko (/ 7 . prashddi Smith), 
recorded from North Kanara : bridled gecko {H. 
jrcudlus Schlegel), found in South India and Bengal : 
H. jhivlviridis Ruppel, common in Bombay and 
North India: H. Icschcuaidti Dum. Bihr., said to 
he cannibalistic, fre(|uenfing trees throughout India : 
fat-tailed lizard (Eublvpharis hardivickii Grey), 
recorded from Bengal, Bihar, Orissa, Madras, 
Madhya Pradesh and Uttar Pradesh ; and Gckko 
gecko Linn., the common gecko, found in Bihar, 
Bengal and the Andamans. 

Againidae — Agamids arc exclusively Old World 
lizards with ornamental appendages, e.g. crests and 
giilar sacs ; they exhibit a great variety of colour 
patterns. The skin is devoid of bony plates and the 
tail is ustially long, but not fragile. The more 
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important representatives of the family found in 
India are: flying lizard (Draco sp[).), arboreal in 
habit with gaily coloured wing-like membranes 
which enable the lizard to glide from tree to tree ; 
fan-ihrt)aied lizard (Siiana po}iticcriana Cuvier) 
which when excited unfolds and folds its gular 
appendages with such great rapidity as to give the 
ertect of flickering light sparks ; blood-sucker 
(Calotcs spp.) ; A^rama tubcrculata Gray, distributed 
in the barren rocks of Simla, Mussoorie and Naini 
Tal ; Fsanitnopliiltts dorsalis (Gray), found at high 
altitudes in South India : and spiny-tailed lizard 
(Uroaiastix hardwickii Gray), inhabiting deep 
burrows in sandy places of N.W. India and Uttar 
Pradesh. The last named lizard can he tamed ; 
its flesh is reported to he eaten by some tribal 
people. The fat is used as an embrocation : 
hibernating lizards arc dug out and used medicinally 
for horses. 

Chamarlcouidac — Chameleons are characterized 
by the possession of a prehensile tail, independently 
movable eyes, a long protrusihle tongue, feet modi- 
fied into grasping organs anti |)ow’er to change the 
colour of their skin. The family is represented in 
India by Chamaelcon zrylauiciis Laurenti (Indian 
Chameleon), occurring in the forests of Peninsular 
India, south of the Gangeric [)lain. 

Scincidac - Scincids or skinks are the most numer- 
ous among the lizards and are cosmopolitan in dis- 
tribution. They are mostly terrestrial ; limbs may or 
may not he present and show' all stages of reduction 
and loss of digits. Some .scincids live beside streams 
and sea shores and take freely to water. Burrowing 
scincids are numerous and show progressive reduc- 
tion of eyes and concealment of cars. The family is 
represented in India by several species belonging to 
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FIG. 54. COMMON INDIAN SKINK-MABUYA CARINATA 

the genera Mahuya Fitzingcr, Lyf^osoma Ilardwicke 
& Gray, Lciolopisma Diim. tS: Bihr., Riopa Gray, 
Risiclla (hay, etc. 

Mabuya carinala (Schneiiler), the common Indian 
skink (Mar. — Sarpa chi mousi ; Punjab — Rc^-maht)y 
is found almost throughout India, uj) to an altitude 
of 2,500 m., frecjuenting deserted houses and loose 
rocky soils; it is also found on trees. A medicinal 
oil is extracted from the li/anl. 

Varanidae — Varanids or monitors, confined to the 
warmer parts of the Old World, are the largest 
among living lizards, reaching up to 3 m. in length. 
Fotir species, all of them carnivorous, are found in 
India, With the exception of Varanus f^riscits 
(Uaiidin) all Asian species are good climbers. V, 
moiiitor (Linn.) and V, sahalor (Laurenti) are 
reported to eat melons, cuctunhers and ears of 
paddy ; at times they are destructive to poultry. 

V, monitor (Linn.), the common Indian monitor 
(San.s. — Chodasala, gandhera ; Hindi ^ Bi:n(;. — G//o- 
sanp ; Mar. — Cor padc ; Tel. Tam. — Udumbtt ; 
Mal. — Biyawak, manazvak), is found throughout 
the plains of India, ascending up to an altitude of 
1,800 m. in the Himalayas. It is diurnal in habit 
and lives in burrows and cracks on the ground ; it is 
sometimes found on the roofs of less fre(|uentcd 
hoti.scs. The lizard is brownish or olive above, usually 
with blackish dots, and yellowish below. The body 
usually measures c. 75 cm. in length and the tail, 
c. 100 cm. although much larger lizards are some- 
times met with. The species is hunted with the help 
of dogs for its skin and flesh. The skins arc used by 
some tribes for drums and fiddles ; flesh and eggs 
are eaten. An electuary prepared from the body of 
the lizard is used in consumptive complaints. The 
distribution of nitrogen in the dried flesh of V. 
monitor is as follows: amitle, 0.847 * hiimin, 0.193: 
arginine, 10.42 : hi.stidine, 13.61 : cystine, 7.81 : 
lysine, 3.77 ; monoamino N, 26.58 ; and nonamino 
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N, 36.21 uig./j*. (Airan 6 c Ghaige, hidian /. Died. 
Res., 1950, 38 , 417). 

V. Salvator (Laurenti), the common water monitor 
(Garo — Aringga, viatphy, phusit), occurs in rivers 
and streams in the eastern Himalayas up to an 
altitude of 1,800 m. It is more fre(|ueni near Simsang 
and Someswari rivers in Garo hills and in Sundcr- 
hans, and is seldom found away from water. The 
adult is dark olive in colour with indistinct yellow 
spots. The body measures up to 100 cm. in length 
and the tail up to 150 cm. The depot fat of the 
lizard is used in cutaneous troubles. It is a golden 
yellow li(]uid with the following characteristics: 
sap. ecpiiv., 283.9 ; iod. val., 70.8 ; acid val., 4.5 ; and 
unsapon. matter, i.6‘X,. The component acids of the 
fat are: myristic, 4.2: palmitic, 29.3: stearic, 9.8: 
and unsaturated acids (C,,.„ 12.3 : C,„ 39.6; and G^,,, 
4.8), 56.7"/, (Ililditch & Paui, Bioehem, /., 1937, 
31 , 227). 

The other two species of monitors found in India 
arc F. griseus (Daudin), the desert monitor, living in 
burrows in the sandy regions of N. W. India and 
V. flaveseens (Gray), found from Punjab to West 
Bengal. The former is greyish brown or yellowish 
brown, while the latter is yellowish, developing broad 
red cross hands during the rainy season (Trench, 
/. Bomba\ uat. Hist. Soc., 191 1-12, 21 , 687 ; Venning, 
ibid., 1911-12, 21 , 690; Baini Prashad, ibid., 1914-15, 
23 , 370; 1915-16, 24 , 834: Gill, ibid., 1923-24, 29 , 
303 : Jouguet, ibid., 1928-29, 33 , 452 ; Asana, ibid., 
1930-31, 34 , 1041 ; Smith, ibid., 1931-32, 35 , 615: 
Das, ibid., 1931-32, 35 , 660: Parry, ibid., 1931 32, 
35 , 903 : Seshaiya, ibid., 1938-39, 40 , 132 : McCann, 
ibid., 1939-40, 41 , 742 : 1940-41, 42 , 45 : Battye, ibid., 
1942-43. 43 , 530: Bhaduri, ibid., 1943 44. 44 , 130 ; 
Regan, 342-68 ; Pycraft, 532 -46 : (rAlireu, loc. cit.). 

Trade The skins of the (ommon Indian monitor, 
desert monitor and V, flaveseens arc collected lor 
export ; the skin of V. salvaior is of line texture and 


rABLK l-KXPORTS OF LIZARD SKINS 

Undressed Dressed 



^ 

Qty 

(cwt.) 

vZ 

(Ks.) 

Qly 

(cwt.) 

Val! 

(Ks.) 

1957 

6,26« 

25,10,181 

165 

1,29,251 

I95S 

5,SI5 

15,27,450 

255 

1 ,06.576 

1959 

5.967 

18,52,898 

641 

5,45,060 

I960* 

5.690 

17,49,546 

527 

.1,11,128 

* April 

1960 to March 

1961. 




commands a high price, hut is rather scarce. The 
skins are graded for export jiurposes according to 
colour, pattern, texture and (jtiality. U.S.A., U.K. and 
h'rance are the main importing countries. 'Pahle i 
gives the (|uantity and value of undressed and 
dressed lizard skins exported from India. 

LOBELIA 1 .inn. (Campaiiidaceae ; Loheliaeeae) 

A large genus of herbs, subshrubs or shrubs dis- 
tributed mostly in tropical and subtropical regions; 
a lew species are found in temj)erate and even frigid 
zones. About 20 species occur in India and some 
exotics are grown in gardens. 

L. inflata and L. iiicolianaefolia yield the drug 
Lobelia. 

L. chinensis l.oiir. svn. L. radieans 'rhunh. 

FI. Br. Ind., Ill, 425. 

A procumbent glabrous herb found in Nepal, 
("hota Nagpur and Khasi hills at altitudes of 
9:;o-i,5()() m. Leaves sessile, linear or oblong-lanceo- 
late : Howers small, green with pink marks, axillary; 
capsules small with ellipsoid, slightly compressed 
seeds. 

The plant is used in China for fevers and asthma. 
The root is considered depurative and antirheumatic 
in Tndo-China. The rhizomes of the plant are report- 
ed to contain the polyfructosan, lobelinin (C,,!!, 

(Roi, 422 ; Crevost 6 c Petelt)t, Btdl. eeoii. Jndoch., 
1934. 37 , 274; Chew. Abstr., 1951, 45 , S600). 

L. inflata Linn. 

D.K.P., V, 86: Bailey, 1949, 971; Bentley 6 c 
Trimen, III, Fig. 162. 

An erect annual herb, 30 90 cm. high, indigenous 
to eastern United States and Canada. Leaves oval or 
ovate-lanceolate, puhescent, denticulate ; flowers 
small, light blue, in terminal and axillary racemes ; 
capsules inflated, suh-glohular, 5 8 mm. long, com- 
pressed laterally : seeds numerous, minute, ovate- 
oblong, coarsely reticulate, brown. 

L. inflala is the chief source of the drug, l.obelia. 
It does not occur in India, hut has been grown in 
Darjeeling, tl tough not on a commercial scale. Its 
cultivation has been recommended in eastern Hima- 
layas, Nilgiris and Kerala at altitudes of 900-2,100 m. 
The drug is imported into India from America : data 
relating to imports arc not available (Nayar & 
Chopra, 35 36 ; Krishnamurthi, 146; Bal & Gupta, 
Bull. iiat. Inst. Sci, India, No. 4, 1955, 

The plant thrives in rich moist loam in the open 
or in partial shade. Seed is sown in well prepared 
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ground in rows 30 t:in. apart : sometimes seeds are 
sown in Ix'ds and seedlings transplanted in the field. 
Leaves and llowering tops are collected wlien the 
plants are in flower and the lowermost capsules have 
l)ecomc inflated. They are dried in shade and com- 
pressed into rectangular cakes weighing 250-500 g. 
and wrapped in paper for export. Commercial supp- 
lies of the drug come mostly from U.S.A. (New York, 
Massachusetts and Michigan) |Sievers, Fvirs' Bull. 
U.S. Dt p. /IgnV., No. 1999, 1948, 65 ; Wallis, 306 ; 
U.S.l)., 1955, 767 : Lloyd & Lloyd. Bull. Lloyd Lihr., 
Re prod. Scr., 1931, 2 (9), 63.]. 

The drug (l/)helia. l^ohelia Herha. Indian 
Tobacco) was formerly official in B.P. and U.S.P. It 
contains: stems, J>6o : acid insoluble ash, J>5; 
foreign organic matter, J>2 : and total alkaloids (as 
loheline), <^0.3%. It has a slightly irritating odour 
and a burning acrid taste similar to that of tobacco. 
It is expectorant and is administered in asthma and 
chronic bronchitis to relieve spasm. When swal lour- 
ed in small doses, it produces severe vomiting, 
nausea, copious sweating and great general relaxa- 
tion. The symptoms are greatly accent uatetl when 
taken in toxic doses : in addition to burning pain 
in fatices or oesophagus, there is progressive failure 
of voluntary motion, rapid and feeble pulse, fall of 
temperature and finally collapse with stupor or 
coma ; in some cases, convulsions precede death. 
Poisonous symptoms usually appear when the drug 
is nor rejected by vomiting. Treatment consists in 
evacuating the stomach and treating the symptoms 
(U.S.l)., 1955, 768 69 : H.P.d, 1959, 4 ** *-)• 

The drug owes its activity to the presence of a 
number of alkaloids, of which loheline is the major 
component (3-5o'/«.)- The total alkaloid content varies 
from o.i ^ to 0.63 Vo, av., (■.4VV>, depending on the con- 
ditions of growth and the time of harvesting the 
j)lani. The maximum concentration of alkaloids is 
reached in plants at the middle of the blossoming 
period. 4 ’he distribution of loheline in difierent parts 
of the plant is reported as follows: blossoming apex, 
0.9-1. 1 : unripe capsule, 0.88-1.05; It*aves, 0.42-0.43: 
stems, 0.35-0.38 ; and roots, 0.54-0.56% (U.S.D., 1955, 
768 ; Manske & Holmes, I, 189; Clicm, Abstr., 1940, 
34 , 4227). 

The alkaloids of lobelia (Table i) arc piperidine 
derivatives and may be classified into three groups, 
viz. loheline, lelobine and lobinine ,* the last two 
groups include only minor alkaloids. T.,obeline, the 
most active alkaloid of the drug, is similar to nico- 
tine in action but weaker. Like nicotine, it acts on 


lABLli 1-ALKALOIDS ISOLATED FROM 

Molecular formula 

L. INFLATA* 

M.p. 

r.olu'linc group: 

/'loheline 


IJO-JI’ 

f//- loheline 


110“ 

lohelanine 

C 

99 

norlohelanine 

C,iH,,(),N 

120 2r 

lolielaniiline 


150“ 

norlubelanidine 


120' 

Lclohine group: 

f// lelohaniclinc 

t:.,iL,.(),N 

68 

/-Iclohanidine 1 


86 

(B.HCl. 2H,0) 

/-lelohanidinc 11 


102 0 .S 

(B.HCl. l .SH.O) 

norlelohanidine 


90* 

tAdiiniiie group: 

lobinine 


144 

(B.HCl) 

i.s'olohinine 


78" 

lobinanidine 


95 

i.volobinanidirie 


nr* 

(B.HCI) 

* Henry, '2.V .U. 


the central nervous system, autonomic, ganglia and 
the nerve ends in voluntary mu.scles ; it is a primary 
stimulant and a secondary tlepressant. The .secondary 
alkaloids have effects probably similar to loheline, 
but are less potent, /solobinine possesses emetic and 
spasmolytic properties (Henry. 22-34 ; Hale-White, 
282 : U.S.H., 1955. 768-69). 

Loheline is considered a respiratory stimulant and 
has been used in respiratory failure resulting from 
anesthesia, poisoning by narcotics and noxious gases 
and similar conditions. It finds application in the 
measurement of blood circulation rates. It is given 
in resuscitation of the new born, btii such use is con- 
sidered dangerous. It is reported to be useful in 
certain cases of urticaria. Izibeline is used in the 
form of hydrochloride or as sulphate. Lobeline 
hydrochloride is official in Indian Pharmacopoeia 
and is administered subcutaneously. Formulations 
containing loheline sulphate and B-vitamins or 
antacid compositions are used as deterrents for 
tobacco habit (Ciishny, 437 ; Hatta & Bal, Sci. & 
Cidl., 1944-45, 10 , 260; U.S.l)., 1955, 769; I.P., 371 ; 
Modern Drug Encyclopedia, 481 ; Chem. Abstr., 
1952. 46 , 9267 ; 1955, 49 , 9890). 
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The seeds o£ L. inflata contain lobeline and are 
used as expectorant and as a remedy lor asthma. 
They yield 30% of a ilrying oil. Commercial supplies 
of seeds are sometimes adulterated with mullein 
seeds {Verbasemn thapsiis Linn.) (Steinmetz, II, 281 ; 
Cathercoal Wirth, 434). 

L. leschenaultiana (Presl) Skottsb. syii. L. excelsa 
Lescli. 

FI. Br. Ind., Ill, 427 ; Fyson, TI, PI. 304. 

A tall biennial herb with acrid, milky juice found 
in hills of South India at altitudes above 1,800 m. 
Leaves oblanceolate, obovate or elliptic, very large 
at base, finely toothed ; flowers white or pale yellow 
tinged with purple, in terminal dense spikes ; fruits 
globular, enclosed in calyx tube. 

The leaves are cured and smoked as tobacco. They 
arc reported to possess insecticidal properties. An 
infusion suitable for spraying is prepared by curing 
the leaves in shade and soaking in water for 12 hr. ; 
a small (|uantity of soap is added to the filtered solu- 
tion before use. L. leschcnanltiana infusions arc used 
in the control of aphids, tingids and mites on vege- 
table and other crops. The plant is poisonous to man 
and livestock (Chopra ct al., 6(x>, 47 ; Mem. Dep. 
/Igr/c. Madras, No. 36, 1954, 1020). 

The acrid latex of the plant causes dermatitis. 
Analysis of latex gave the following values: caout- 
chouc, 1.62; resins, 4.9; ash, 1.2; and N, 0.26%. 
Sheet rubber (caoutchouc, 9.69; resins, 27.1; ash, 
3.1 ; and N, 1.55V'.) prepared from the latex had poor 
elasticity and was extremely tacky (Chopra et aL, 
40 : Siddirpii Warsi, /. Indian clicm. Soc\, induslr. 
Eiln, 1945. 8, 63). 

L. nicotianaefolia Heyne 
PI. 567A. 

D.F.P., V, 86 ; FI. Br. liid.. Ill, 427 ; Kirt. & Basu, 

Sans. — Dcvanala ; \hsm~Nala, narasala ; Beng. — 
Badanala : Mar. — Dcvanala, llioradcvanala, dliaval ; 
Grj.~ Nali ; Tel. — Adavipu^akii ; Tam. — Katliip- 
piif^aiyi/ai, nppcriclicdi ; Kan. -Kaduhogesoppu, 
kandclc ; Mai.. — Kaltupokala, kattupukayila. 

A large biennial or perennial herb, 1.2 -3.6 m. high, 
found in Deccan, Konkan and western ghats at alti- 
tudes of 900-2,100 m. Stem stout, hollow, branched 
at top: leaves oblong or oblong-lanceolate: lower 
leaves large, upper ones gradually smaller ; flowers 
large, white tinged with lilac, in long terminal 
racemes or spikes ; capsules sub-globose, 8 mm. in 
diam. ; seeds very small, numerous, ellipsoid, com- 
pressed, yellowish brown, extremely acrid. 


L. nicotianaefolia is a rich source of alkaloids of 
the lobeline group and used as a substitute for L. 
inflata. The total alkaloid content of dried stems 
and flowering tops, collected during September- 
November from Poona, Madras and Tellicherry 
(Kerala), ranges from 1.04 to i.i8Vn (calculated as 
lobeline) ; samples gathered during rains contain less 
(0.327,.). Flowering tops contain the highest concen- 
tration followed by leaves and stems. Lobelanidine 
is reported to be the principal alkaloid ; /-lelobanidine 
and 3 unidentified bases arc present. Recent ana- 
lyses of L. nicotianaefolia grown in Maharashtra 
State show that the plant contains appreciable 
(juantities of /lor-lobelanine and small amounts of 
lobinine and minor bases (Mukerji & Ghosh, Curr. 
Sc/., 1945, 14 , 198 ; Cliem. Ahstr., 1954, 48 , 10035 *• 
Hand a & Nazir, /. histn Chem. India^ i960, 32 , 146). 

Aerial parts of f.. nicotianaefolia, collected in 
October -November and dried in shade, constitute 
the drug Lobelia or Lobelia Herba ofUcial in the 
Indian Pharmacopoeia. The drug has an extremely 
acrid and nauseating taste and is almost odourless. 
It should contain : foreign organic matter, J>2 ; 
ash, J>5 ; acid-insoluble ash, J>2 ; and total alkaloids 
(as lobeline), <(o.8Vo. L. nicotianaefolia is often 
adulterated with, or substituted by, L. pyramidalis 
Wall., Eclipta alba (Linn.) llassk., f^jr^cra aurita 
Sch.-Bip. and Vcrbascum thapsus Linn. (Datta & Bal, 
Sci. c‘^ Cult., 1944-45, 10 , 260 : Mukerji & Ghosh, loc. 
cit. ; I.P., 369 70 ; T.P.C., 141 : Bal & Gupta, Bull, 
nat. Inst. Sci. India, No. 4. 1955, 109). 

The whole plant, when dry, is studded with small 
spots of resinous exudation, which is hot and acrid 
to the taste. Leaves and aerial parts of the plant 
exude a white latex which causes dermatitis. The 
plant is poisonous and used as an antiseptic. In 
Cx’vlon, it is used as an insecticide. The seeds contain 
an acronarcotic poison. The symptoms of poisoning 
by leaves and seeds are similar to those of nicotine ; 
the burning pain in the stomach is more severe ; 
death is caused by paralysis of respiration (Chopra 
ct al., 602 , 40 : Macmillan, 459 : Nayar, /. Bombay 
nat. Hist. Soc., 1954-55, 5 *^)- 

L. alsinoides Lam. syn. L. trigona Roxb. (Santal — 
Chauric arak ; MvsDAHi— Hendcgcl ba) is a glabrous 
annual herb, 30 cm. high, found in rice fields and 
moist situations in upper Gangctic plain, Nepal, 
Bihar, Chora Nagpur, West Bengal, A.ssam, Deccan, 
Konkan and S. India up to i, 8(K) m. The leaves are 
used as pot-herb in Chota Nagpur : in Bombay, they 
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are eaten in times of scarcity [Gammie, Rec, boL 
Surv, India, 1902, 2(2), 183]. 

L. pyramidalis Wall. (Lushai — Berawchat) is an 
erect herb, 0.3-2 m. high, with linear-lanceolate 
leaves and white or purple rose llowers in racemes 
found in the Himalayas from Kumaon eastwards to 
Sikkim and Aka, Liishai and Khasi hills in Assam 
at altitudes of 900-2,700 m. The dried leaves and 
flowering tops of the plant contain 0.29-0.38% alka- 
loids (as lobeline) and may be used as a substitute 
for L. injiaia (Daita & Datra, /. sci, industr. Res., 
1951, lOsi 218). 

Ornamental Lobelia spp. grown in Indian gardens 
for their beautiful flowers include: L. cardinalis 
Linn. (Cardinal Flower), L. cordigera Cav. (syn. 
L. fulgens Willd.), L. erinus Linn, and L. succulenta 
Blumc (syn. L. affmis Wall.). L. cardinalis contains 
0.445% alkaloids with lobinaline (CjJLrONj, m.p. 
94-95'’) as the main component. Lolnnalinc depresses 
blood pressure but has no influence on respiration. 
L. cordigera contains inulin (Firminger, 472 ; Gopala- 
swamiengar, 171, 443-44; Manske & Holmes, I, 189, 
204, 206; Chem. Abstr., 1939, 33 , 3528; Wchmer, 
II, 1209). 

Lobsters — see Prawns, Shrimps and Lobsters 

LOBULARIA Desv. {Crticiferae) 

FI. Br. Ind., I, 41 ; Chittenden, III, 1198. 

A small genus of annual to perennial herbs native 
of the Mediterranean region. One species is grown in 
Indian gardens. 

L. marilima (Linn.) Desv. syn. Alyssuni mariti- 
mum Lam. is a dwarf, much-branched annual, 
7.5-25 cm. high, with linear-lanceolate leaves, small, 
white, fragrant flowers, and orbicular-ellipsoid pods. 
It is grown in gardens in northwest India, northern 
Bihar and West Bengal as a cold season annual. It is 
propagated by seeds and is suitable for garden 
borders, edging large plants, carpet beds and hanging 
baskets. It is reported to be a good bee-plant. The 
plant is considered antiscorbutic and diuretic in 
Spain (Gopalasvvamiengar, 406 ; Chittenden, III, 
1198; Caius, /. Bombay nat. Hist. Soc., 1938-39, 
40 , 695). 

LOCHNERA Endl. {Apocyriaceae) 

A small genus of herbs distributed in Madagascar 
and India. Two species are found in India of which 
L. rosea, an exotic species, is commonly grown in 
gardens. 



FIG. 55. I.OCHNERA PUSILLA-FLOWERING 8 c FRUITING BRANCH 

L. pusilla (Murr.) K. Schu\n. = Cat liaran thus piisiU 
lus G. Don syn. Vinca pusilla Murr. 

D.F.P., VI (4), 243 ; FI. Br. Ind., Ill, 640. 

Sans. — Satigkhi, sangkiiapliuli ; Tam. — Milagai 

poondu ; Mal. Kapavila. 

Delhi — Teanklo ; Bombay Sankaphi ; Mundart— 
Marc hi ara, laba ba. 

A herbaceous erect, much-branched annual, 
15-60 cm. high, found in western Himalayas, upper 
Gangetic plain, Bihar, Orissa, plains of Circars, 
Deccan, Gujarat, Maharashtra and South India ; it 
occurs usually as a weed in cultivated fields and 
pastures. Leaves opposite, lanceolate, acuminate ; 
flowers axillary, white, solitary or in pairs ; follicles 
slender. 

The plant is reported to be toxic, particularly to 
cattle, causing temporary blindness with urticarial 
rashes all over the body. A decoction of the dried 
plant boiled in oil is rubbed in lumbago. The leaves 
are said to be eaten as pot-herb (Chopra, /. sci. 
industr. Res., 1952, llA, 241 ; Kirt. & Basu, II, 1560 ; 
Bressers, 91). 
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The plant contains two alkaloids, piisiline (m.p. 
^94-i>5° decomp.) and pusilinine (m.p. 250-52° 
decomp.), both of which cause marked depression of 
the heart. Three sterols (m.p. 158-59°, 141-42° and 
76-77°) have also been isolated (Majumdar & Paul, 
Indian J. Pharm., 1959, 21, 255). 

L. rosea (I .inn.) =^Catharanthus rosetis G. 

Don syn. Vinca rosea Linn. Madagascar 

Periwinkle, Red Periwinkle 

D.E.P., VI (4), 244 ; FI. Br. Ind., Ill, 640. 

Hindi — Sadabahar ; Benc;. — Nayanlara, gul 

feringhi ; MxR.—Sadaphid ; TYA..—Billaganneru ; 
T\M,^udukadu mallikai ; MM.,—l]shamalari ; 
Oriya — A inskati, 

Punjab — Rattanjot. 

An erect annual or perennial herb, 0.3-0.9 m. high, 
native of Madagascar, now naturalized throughout 
the tropics of both hemispheres. Leaves opposite, 
oval, obovate or oblong, glossy ; flowers usually 2-3, 
in cymose axillary clusters ; fruit a cylindrical folli- 
cle, many-seeded. Three cultivars of L. rosea arc 
recognized : ‘Alba’ with white flowers, ‘Occllata’ 
with corollas white with rose pink to carmine-red 
eye, and ‘Rosens’ with uniformly rose coloured 
flowers (Lawrence, Bailey a, 1959, 7, 113). 

L. rosea is commonly grown in gardens. It is propa- 
gated by seeds or cuttings and is suitable for summer 
bedding, borders and rockeries ; it is also grown in 
large masses in parks. The plant is sometimes found 
as an escape in waste places and sandy tracts. It 
blooms almost throughout the year and should he 
cut back every four months as it becomes woody and 
straggling otherwise (Bailey. 1947, III, 3471 : 
Gopalaswamiengar, 467 : Bor & Raizada. 201 ; 
Williams & Williams, 209). 

The plant is subject to a virus disease showing 
symptoms of mosaic mottling, phyllody, rosette and 
green vein handing ; it is also subject to a disease 
similar to the spike disease of sandal, resulting in a 
bushy appearance accompanied by diminution in leaf 
size and nodal distance. L. rosea is susceptible to 
damping off disease due to Phyiophthora parasitica 
Dastur in the wet season : growing points, leaves, 
flowers and fruits arc affected. Both white and pink 
flowering varieties are affected by Fusarium wilt ; 
F. solani (Mart.) App. & Wr. and F. scirpi affect the 
white variety ; the causal organism for the pink 
variety has not been identified (Joshi, H. U., Un- 
published Thesis, Indian agric. Res. Inst., 1953 : 
Iyengar, /. Indian Inst, Sci., 1935, 18A, 61 ; Dastur, 


Mem, Dep, Agric, India, Bot,, 1916, 8, 233 ; Sinha 
& Chauhan, Proc, Indian Sci, Congr,, 1959, pt III, 

341). 

The plant has been used as a folk remedy for 
diabetes in Natal and various other parts of S. Africa 
and also in India and Ceylon. It is reported to be 
toxic to cattle. The juice of the leaves is used as an 
application for wasp stings. An infusion of the leaves 
is given in the treatment of menorrhagia. The root is 
considered toxic and stomachic (Watt & Breyer- 
Brandwijk, 143-44 ^ Kirt. & Basu, II, 1559-60 ; Webb, 
Bull. Conn, sci, indtislr. Res, Aust., No. 232, 1948, 18). 

All parts of the plant, particularly the root bark 
contain alkaloids (Table i) ; these include three alka- 
loids of the Rauvolfia group, viz. ajmalicine, serpen- 
tine and rcserpine ; the concentration of the first 
two alkaloids is greater in the roots of L, rosea than 
in the roots of Rauvolfia serpentina Benth. ex Kurz. 
The alkaloids of L, rosea are listed in Table 2 fPillay 
et a!,. Bull. Res. Inst., IJniv. Kerala, 1957, 5A (i), 65 ; 
1959, 6 A (i), 51 ; Svoboda et al„ J, Amer, pharm. 
Ass., sci. Edn, 1959, 48 , 659]. 

L, rosea alkaloids possess hypotensive, sedative and 
tranquillizing properiics similar to, but more marked 
than, those of the total alkaloids of Rauvolfia serpen- 
tina. They also cause relaxation of plain muscles and 
depression of the central nervous system. They in- 
hibit the growth of Vibrio cholerae and Micrococcus 
pyogenes var. aureus, but possess no anti-bacterial 
action against the enteric group of organism. Vindo- 
line ancl other alkaloidal fractions from the leaves 
are active against M. pyogenes var. aureus and var. 


TABLE 1-ALKALOID CONTENT OF DIFFERENT PARTS OF 
LOCHNERA ROSEA 





Toul .alkaloids 

-X. 




Pink- 
flowered 
variety 
% ' 


White- 

flowered 

variety 

0/ 

/O 

Roots* 

(Jammu) 

1.08 


1.34 

Leaves’ 

( do. ) 

0.82 


0.74 

Stems* 

( do. ) 

0.36 


0.17 

Roots2 

( do. ) 


1.18<^ 


Roots 3 

(Travancorc) 


1.22* 


Root bark” ( do. ) 

9.0*» 


. , 


n Variety not indicated ; ^ root bark from white-flowered variety 
contained half this amount. * Sobti et al.^ Indian J. Pharm., 
1958, 20, 48; *Nazir & Handa, /. sci. industr. Res., 1959, 18B, 
175; ® Pillay et at., Bull. Res. Inst., Univ. Kerala, 1957, 5A (1). 
65. 
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TABLE 2~ALKALOIDS OF LOCHNERA ROSEA* 


Alkaloid 

Molccnlar formula 

M.p. 

Ajmaliciru* 

(8- Yohimbine) 


250 52“ • 
(dccomp.) 

Akuamminc 


254 59" 
(fleeomp.) 

Catharaiithine 


126 28“ 

Ecurosinc 


202-05" 

(dccomp.) 

Lodiiiericine 


190 9.^“ 
(dccomp.) 

l.ochncrinc 


200-01" 

Periviric 


180-81" 

Reserpiiie 

c.„n„o.N, 

284-85“ 

(decomp., 

^ae.) 

Serpen line 


158" 

Tet rah ydroa Iston i ne 

c,,ir,(),N,, 

230-32" 

Vincaleukobla^tinc 


211-16" 

(decomp.) 

Vindolinc 


154-55" 

V'irKlolininc*2HC:i 

c„n„_,„o,.N,.2iici 

210-12" 

(dccomp.) 

Virosinc 


258-64" 

(dccomp.) 


* Svoboda ct al., J. Atncr. f>hitnn. Ass., sci. Edn, 1959, 48 , 659 ; 
Manskc & Holmes, VH. 64 06, 117, 125, 175. 


albus. Streptococcus haemolyticus, Cornybacterium 
dipht/ieriae and a few other bacteria ; leaf extracts 
form a useful anti-bacterial agent for the treatment 
of streptococcal and staphylococcal infections 
(Chopra el al., Indian J. med. Res., 195Q, 47 , 39 ; 
Kamat ct al., ibid., 1958, 46 , 588). 

Certain extracts of L. rosea are reported to produce 
limited prolongation of life in mice against experi- 
mental leukemia ; the anti-lcukcmic activity resides 
in leurosine and vincalcukohlastine. L. rosea alka- 
loids also possess marked anti-diuretic action on rats 
(Svoboda et al., loc. cit. ; Neogi & Bhatia, Indian /. 
Pharm., 1956, 18 , 73). 

Neither the infusion of leaves nor of the whole 
plant produces any change in blood sugar level when 
administered orally to normal or alloxan-diabetic 
rabbits. It has been observed that certain diabetic 
patients using the drug find relief ; in particular, the 
secondary symptoms of glycosuria, polyurea, exces- 
sive thirst and tiredness diminish or disappear in 
2-3 weeks of continuous use. Clinical trials have 
shown that oral adminiotration of infusion decreases 


glycosuria with rise in blood sugar, suggesting an in- 
crease in tubular reahsorption of glucose. However, 
in view of the presence of hypotensive alkaloids, the 
drug is not a safe remedy for diabetes except, per- 
haps, as an ingredient in suitable formulations 
IMukerji, /. sci. industr. Res., 1957, 16 A(io), suppl., 
7 ; Pillay ct al.. Bull. Res. Inst., Univ. Kerala, 1959, 
6A(i), 51]. 

The root hark contains a phenolic resin (a%). 
^/-camphor (0.03%) and a neutral substance (m.p. 
148°). The leaves yield an oleoresin and a small 
amount of volatile oil [sp. gr.^®*, 0.9705 ; , 1.4555 ; 

, 4- 49.12”! containing aldehydes, sesejuiterpenes 
and sulphur compounds: fwo alcohols, lochnerol 
(CajH^,;!).!. J/2H3O, m.p. 244 46”) and lochnerallol 
(C.JljjO;,, m.p. 258”), two glycosides, tannin, carote- 
noids, sterols, ursolic acid and a flavonc derivative 
arc present. Rose-purple flowers contain an antho- 
cyanin, probably hirsulidin diglycoside [Pillay et al.. 
Bull. Res. Inst., Univ. Kerala, 1957, 5 A(i), 65 ; Clieni. 
Ahstr., 1938, 32, 7514 : Kamat et al., loc. cit. ; U.S.D., 
1955, 1928 : Ponniah & Seshadri, J. sci. industr. Res., 
1953, 12B, 605]. 

Locust Bean — see Ceratonia 

LOCUSTS (Order Ortiwptera ; family Acrididae) 

\XK.V., TV, 470 : Vr(i), 154 : C.P., 686 ; Uvarov, 
1928. 

Sans. — Patanga, salablia : Ilixot — Tiddi : M;\r. — 
Tol. naktode ; Tkl. — Midatlia, inidatba dandu ; 
Tam. Vettukili ; Kan. — Midclii, jitle. 

Pvs]M\ -Makri, tiddi. 

Locusts are terrestrial insects with biting mouth 
parts, essentially vegetarian in food habits. They 
have a marked propensity for gregariousness and 
long migratory flights, and are destructive to crop 
and other economic plants. 

About a dozen species of locusts have been record- 
ed from different parts of the world. Of these three 
occur in India, namely. Desert Locust, Migratory 
Locust and Bombay Locust. Desert locust is the most 
destructive and is known to have been responsible for 
many a famine in the past. 

De.sert Locitst 
(Schistocerca gref^aria Forskal) 

The desert locust is distributed from Rajasthan in 
the east to the Atlantic coast of Africa in the west ; 
this region includes areas wherein it lives and breeds 
cndemically. Swarming invasions of this locust in 
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FIG. 56. (1) MIGRATORY LOCUST — 1 OCUSTA MIGRATORIA (2) DESERT 
LOCUST — SCHISTOCERCA GREGARIA AND (J) BOMBAY LOCUST- 
PATANGA SUCCINCTA 

India have extended as far east as Assam and as far 
south as Mysore. 

In the endemic areas the desert locust can live and 
breed as solitary individuals (solitary phase) or a 
number of them in the immature hopper stages 
congregate into marching hands of lioppers which 
ultimately piuduce swarms capable of mass migra- 
tory (lights over long distances (gregarious phase). 
Kxperimentally it has been possible to transform the 
locust from the solitary to the gregarious phase and 
vice versa. 

Hoppers and adults of the two phases differ in 
colour. While hoppers of the solitary phase arc more 
or less uniformly green throughout their life, simu- 
lating the colour of their vegetational environment, 
hoppers of the gregarious phase arc mostly black in 
the first two of their five stages hut suhscc|ucntly 
develop vivid patterns of yellow, greenish yellow and 
red on their blackish bodies. Adults in the solitary 
phase remain grey throughout their life ; in the 
gregarious phase, they are pinkish or reddish during 
the first 4 or 5 weeks or even longer, when they are 
sexually immature, after which the male adults 
usually turn yellow while females turn yellow or 
lead-grey. 

Broadly speaking, there arc two main breeding 


seasons and two categories of breeding areas, viz. 
winter-spring breeding in areas where the rainfall is 
confined mainly to winter and early spring and 
summer-monsoon breeding in areas where rainfall 
occurs largely during Junc-September. Coastal areas 
of the Red Sea. large parts of the Arabian peninsula, 
southern Iran, Baluchistan and southern Afghanis- 
tan are among the winter-spring breeding areas, 
w^bile Sudan and .some other territories in Africa, 
parts of West Pakistan. Rajasthan and parts of Bom- 
bay and Punjab States in India are among the 
suinmer-inonsoon breeding areas. The .swarms pro- 
duced in the former areas migrate during spring and 
early summer to regions where rains occur in summer 
and mon.soon months and lay eggs in June-Sept em- 
ber, sometimes even later. There is a return migra- 
tion of swTirins during autumn to areas of winter 
rainfall. This .secjuence of breeding and migration 
applies both to gregarious and solitary locusts : in 
the case of the latter, however, the migration is on 
a small scale anti by isolated individuals. 

Generally, tw'o generations are produced in a 
year ; sometimes there may be three or even more, 
specially in areas of summer-monsoon rainfall. 
Under experimental conditions, particularly when 
favourable temperature conditions are provided, the 
desert locust is continuously active irrespective of the 
stage of maturity or the season. 

Rel)roflnciiofi- -The time taken by the desert locu.st 
to attain sexual maturity is very variable. It may be 

3- 4 w'eeks dtiring late spring and summer or several 
months dtiring winter. Feeding on fresh, succulent 
vegetation, especially cereal cro|)s like mai/.e, jozvar 
and bajra (|uickcns sexual maturity. There may be 
3 21 matings during the life span of the locust. 
Parthenogenetic development, leading to monosexual 
progeny of six successive generations of females has 
lieen observed tinder controlled laboratory condi- 
tions : this is, however, uncommon in nature. 

Female locusts generally lay eggs by inserting the 
hind end of their body into moist, preferably sandy 
and loamy soil up to a depth of 10 cm. The eggs are 
deposited in clu.sters of 40-120 at the bottom of holes 
thus formed, the remaining space being filled up with 
a fluffy material which later hardens into a water- 
proof covering. The eggs resemble grains of rice, 

4- 8 mm. XO.9-1.6 mm., yellowish in colour. 

Eggs hatch in c. 12 days in summer and 21-28 days 
hi autumn and spring : the period may be as long 
as 45 days in winter. All eggs in a cluster do not 
hatch simultaneously. Hatching extends over 3-5 
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days ; eggs last laid in a cluster hatch first. Hatching 
and emergence of hoppers in egg infested ground 
may continue for several days, sometimes as many 
as lo days. Due to the water-proof plugging of egg 
holes, surface water docs not usually affect hatching 
unless it is stagnant for 2-3 days at a stretch. 

Hoppers — Hoppers emerging from eggs are dirty 
white or greenish white in colour. There are five 
stages in the growth of the hopper, at the end of each 
of which it casts off the skin in the manner of other 
insects whose immature (larval or nymphal) and 
adult stages are not markedly different from each 
other except in the matter of size, colouration and 
growth of wings. The newly hatched hopper is 
c. 6 mm. long and, in the gregarious phase, it resem- 
bles a large-sized black ant. It grows in size and deve- 
lops wings in successive stages and in the fifth and 
last stage, the hopper is c. 39 mm. long and ctin jump 
a distance of over 60 cm. and to a height of c. 10 cm. 
During the summer, the hopper completes its deve- 
lopment and emerges as an adult in 4-5 weeks ; it 
may take 6-8 weeks during autumn and spring, and 
even longer in winter. 

The most dreaded habit of gregarious hoppers is 
the formation of bands and moving relentlessly in 
definite directions devouring all vegetation that may 
lie in their way. Such marches usually take place 
during the day and follow the direction of the wind. 
Hoppers in all stages, excepting the first, respond to 
movement but not to sound, and can be driven in 
any desired direction by suitable manipulation. 

Adults — Flying locusts, emerging from the fifth or 
last stage hoppers, are sexually immature but are 
voracious feeders. Adults of the desert locust have a 
life spiin of 245 days under laboratory conditions at 
room temperature (in Punjab) ; under natural condi- 
tions the life period varies from 170 to 229 days. The 
body length of the adult male is 46-55 mm., that of 
the adult female c. 57 mm., with forewings in each 
case measuring ^ few mm. more. A dozen adult 
locusts weigh c. 28 g. T-.ocusts arc generally sluggish 
during mornings and evenings, during the day if the 
weather is cool and cloudy, and when mating. 

Natural enemies — ^I^ocust eggs are attacked at 
times by some insects, notably forficulids. Hoppers 
and adults are subject to some fungal, bacterial and 
virus diseases. However, records of such cases in 
nature are not many ; there is hardly any record of 
locusts being parasitized by insects. ^ 

Birds constitute the most formidable enemies of 
locusts. They include the Indian crow (Corvus 


splendens Vieillot), rosy pastor {Pastor roseus Linn.), 
myna [Acridotheres tristis (Linn.)], grey partridge 
[Francolinus pondicerianus (Gmelin)], kite [Milvus 
migrans (Boddaert)], jungle babbler \Turdoides 
somervillei (Sykes)], shikra {Astur badius (Gmelin)], 
and others. Destruction by birds makes no impression 
on the population of locusts but birds provide useful 
clues to locust concentrations and thereby facilitate 
control operations. 

Swarms — Swarms up to 207 sq. km. in spread have 
been observed in India ; there may be 40-80 million 
locusts per sq. km. Swarms generally fly by day and 
rest by night. Scattered locusts of the solitary phase 
arc reported to fly only during nights, though flights 
have l 3 cen observed on cool days. 

liOcusts generally fly with the wind so that they 
may eventually find themselves in zones of conver- 
gent wind flow, which is an essential factor for wide- 
spread heavy rain. This fact explains the association 
of swarms with the incidence and distribution of 
rainfall. The speed of travel depends on many factors 
of which the direction and velocity of prevailing 
wind are important ; cases arc known of swarms 
having been carried over long distances more by 
winds than by their own efforts. There is a recorded 
case of a swarm having travelled for a few days in 
India at an average speed of about 21 km. per hour. 
Locusts can travel non-stop and without food over 
long distances. 

I.»ocust swarms are known to appear in cycles, over 
a period of 3 to 9 years. This is true only with refer- 
ence to specific regions because it has now been estab- 
lished that there is no period when the desert locust 
is not active in some part or the other within the 
region of its distribution. There are authentic records 
of locust invasions in India during 1863-67, 1869-73. 
1876-81, 1889-98, 1900-07, 1912-20, 1926-31, 1940-46 
and 1950-55. 

Food — ^^Locust hoppers and adults are general 
feeders, but certain exceptions to their catholic tastes 
have been observed. The desert locust in India docs 
not feed on the leaves of Melia azedarach Linn.. 
Calotropis gigantea R. Br. ex Ait. and possibly a few 
other plants. Leaves of onion, canna and Azadira- 
chta indica A. Juss., formerly believed to be un- 
acceptable to locusts, are eaten by them. The desert 
locust may feed, though not with relish, on agave, 
silk cotton tree, shoe flower, jasmine, water melon, 
chillies, Aegle marmelos Correa, Datura stramonium 
Linn, and Buxus wallichiana Baill. It feeds readily 
on bamboo, sugarcane, jowar, bajra, maize, smaller 
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millets, wheat, barley, paddy, gram, arhar, urd, 
soyabean, castor, mustard, linseed, groundnut, sann- 
hemp, cotton, jute, turmeric, tobacco, potato, lady’s 
finger, Colocasia esetdenta Schott, tomato, turnip, 
cabbage, cauliflower, spinach, white gourd, sweet 
melon, brinjal, globe artichoke, mango, apple, peach, 
pear, loquat, guava, fig, pomegranate, papaya. Cape 
gooseberry, sweet lime, orange, banana, mulberry, 
lantana, Boehmeria nivea Gaudich., eucalyptus, rose, 
tamarind, teak. Acacia arabica Willd., Dalbergia 
sissoo Roxb., Syzygium cumini (linn.) Skeels, Pro- 
sopis juliflora DC., etc. The list is not exhaustive. In 
general, soft and succulent leaves arc eaten with 
avidity. 

Control measures — ^l"he control of the desert locust 
involves the prevention of swarm formation. As the 
breeding and swarm formation in one country may 
have serious repercussions in other, and even widely 
separated countries, the problem has to be tackled 
on an international basis. Since 1953, the Food and 
Agriculture Organization of the United Nations has 
been organizing annual campaigns against the desert 
locust in the Arabian Peninsula. 

The measures employed in the past for fighting 
locust plagues include: beating drums, empty tins, 
etc. ; burying locust hoppers in specially prepared 
linear trenches ; digging and destroying eggs ; and 
ploughing or flooding of egg-infested grounds. 
During the locust plague of 1926-31 in India, a 
poison bait containing sodium fluosilicate was 
employed. In recent years poison baits containing 
benzene hexachloride have come into use. They are 
effective in dry areas but have severe limitations. 
Baiting has now been discarded in favour of dusting 
and spraying with synthetic insecticides. 

Dusting with 5-10% benzene hexachloride is effec- 
tive against hoppers and adults ; even lower con- 
centrations (1.5-3%) are effective against hoppers in 
the first and second stages. Other insecticides that 
have proved effective as dusts or sprays, or both, 
against various stages are: Lindane, Acrodel and 
Heptachlor, Aldrin and Dieldrin, Malathion and 
Folidol, and DNC. Although DDT can kill locusts, 
it has not been found economical. 

Much work has been done on techniques of insec- 
ticide application. Spraying of ground strips, a few 
metres in width, across the path of advancing 
hoppers so that they may imbibe the poison and get 
killed, has led to economy of insecticides, labour and 
time. Spraying of egg-infested grounds with insecti- 
cides which have a fairly long residual effect, e.g. 


Aldrin, so that emerging hoppers may come into 
contact with the poisoned surface, has proved effec- 
tive. The residual effect of Aldrin lasts for two 
weeks or more. In view of the scarcity of water in 
desert areas, low volume spraying machines have 
been employed which cut down the quantity of 
liquid spray required per acre from 30-40 gallons to 
only a few gallons. The most notable development 
has been the use of aircraft for spraying egg-infested 
grounds, hopper concentrations and locust swarms 
while resting or in flight. 

Locust control in India — ^'Fhc responsibility for 
locust control in the desert areas, lying mostly in 
Rajasthan and covering a total area of c. 2,12,400 
S(j. km., is that of the Government of India. Locust 
control in cultivated areas is the responsibility of 
concerned State governments. The Government of 
India’s agency for locust control is the Directorate of 
Plant Protection, Quarantine and Storage. The 
Directorate has a Locust Warning Organization, 
created in 1939, which carries out locust surveys and 
sometimes also undertakes control measures against 
incipient or scattered breeding and hoppers even 
during periods when locusts are not active. During 
plague periods the Locust Warning Organization 
serves the needs of intelligence and control. A co- 
ordinated anti-locust scheme is brought into opera- 
tion under which governments of States which are 
vulnerable to locust attacks contribute to the 
expenditure on locust control in the scheduled desert 
area according to an agreed formula. 

Economic losses due to locust plagues — ^The value 
of crops lost during the locust plague of 1926-31 in 
India, has been estimated at Rs. 10 crores. The loss 
during the more recent plague of 1950-55 was 
c;. Rs. 2.07 crores. Since the prices of agricultural 
commodities during the latter period were approxi- 
mately four limes those prevailing during 1926-31, 
the value of the loss during 1950-55 may be reckoned 
at Rs. 52 lakhs for purposes of comparison. This 
reduction in loss during 1950-55 is attributed to 
improvements in the techniques, organization and 
facilities for locust control. 

Uses — Locusts are used as food by some section 
of the population in several countries, including 
India ; they may be eaten in the fresh or the dried 
state ; tliQy may 4 lso be preserved in salt. They arc 
rich in protein and fat and are reported to have 
good nutritive value. Analysis of air-dried adult 
desert locusts gave the following values: moisture, 
5.03; ether extr., 16.95; crude protein, 61.75; *^1. 
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carbohydrates, nil ; til ire, lo.oo ; and silica, 1.63%. 
Locusts mav be used as manure ; they contain: nitro- 
gen, 9.90: phosphate (PmU.,), 1.20: potash (K^O), 
0.S4 ; and lime (C^'iO), 0.59';.). Nitrogen is present 
largely in the form of chitin which decomposes 
slowly in the soil. 'Fhe use of locust meal as a sub- 
si it lire for oil cakes in animal feeding has been 
suggested (Husain Ahmad, Indian J. agrk. Sci., 
1936, 6 , 1S8 ; Husain < 5 : Mathur, ibid., 1936, 6 , 591 ; 
Rao, l^roc. Induni Sci. Confer., 1943. * Report of 

tlie lv\() Panel of KNperts on long-term policy of 
desert locust control, 1956: Das, Indian 1945. 

6 , 412 : Chciti. Ahstr., 1934, 28 , 7378). 

MuaiAroKY 1 .oci s r 
(Loensta nii^raloria Linn.) 

The migratory locust is widely distributed in the 
Old World. Its occurrence, however, is localized in 
certain regions ; it is not found in the colder regions 
beytmd ihe sixtieth parallel North and South, in 
dense tropical forests and in waterless deserts. This 
species is a serious pest in southern Russia, Nigeria, 
Madagascar, and some areas in Africa and Philip- 
pines. As solitary individuals, the migratory locust 
is known to occur practically all over India, notably 
in the States of Rajasthan, Bombay and Madras. 

'Phe migratory locust may occur as solitary indivi- 
duals or in swarms. The former are referred to as 
L. fnijrratoria danica Linn, and the latter as L. 
migratoria migraloria Linn, in northern areas and 
conditions and as L. tnigraloria niigratorioidrs 
Reich. 6: Frem. in tropical areas and conditions. In 
the solitary form, this species is known to occur even 
at very high altitudes : in the Himalayas, it is found 
up to an altitude of 4.600 m. The areas from where 
swarms arise are associated with swampy conditions 
and growth of reeds, bamboos and other tall plants. 

Very little is known of this locust in India. The 
earliest record of its invasion was in 1878 in Madras, 
from where the swarms spread as far as Bombay. 
There was another swarm over Bangalore district in 
June 1954. Concentrated breeding was reported in 
parts of Bombay and Rajasthan durittg 1937, when 
ho])pers caused appreciable damage to crops, and 
again during 1956 in some areas in Rajasthan, but 
most of the hoppers were destroyed. 

The solitary phase adult is ofteif'^green, sometimes 
blackish. The gregarious phase adult is greyish green 
or yellowish ; sexually mature males are bright 
yellow while the females arc reddish brown. Hoppers 
of the solitary phase arc usually green, sometimes 


grey or black but without any definite pattern, 
lioppers of the gregarious phase are generally black, 
but brown predominates in the third stage ; the 
colour is pale in the fourth stage and brown with 
reddish tinge in the fifth stage. Male and female 
adults of the gregarious phase are respectively 
40 50 mm. and 42-55 mm. long and those of the 
solitary phase 29-35 37 with 

forewings a little longer in each case. 

Sexual maturation of adults and t'gg-hiying are 
(juicker in solitary than in gregarious locusts. Breed- 
ing is conditioned largely by high humidity, brought 
ahout hy local rainfall or presence of large sheets of 
water, f'ggs are laid in potls, preferably in moist and 
clayey .soil. Under laboratory conditions, the total 
number of egg pods laid by a female may be seven 
or so, each pod containing 49-104 eggs, and the total 
numher of eggs laid hy a female may be c. 5(K) in 
the case of the solitary locust and 330 in the case of 
the gregarious locust. Fggs remain v iable even after 
several months’ submersion under water. There is 
evidence of overwintering in the adult locust and 
s[)ring breeding was observed in India in 1956 57. 
'riiere may be two generations of the locust in a year 
in India : a maximum of three generations is consi- 
tlered possible in Nigeria. Under optimum labora- 
tory conditions, breeding continues all the year 
round and five or six generations may be possible. 

f’lying swarms may (over a distance of 60 km. or 
so : swarms in 1878 and 1(^54 in India covered much 
longer distances. There is a strong probability of 
solitary locusts migrating individually from one area 
to another. The migrations of swarms are often uj)- 
stream and from one breeding ground to another. 

The migratory locust is much more restricted in 
the choice of food plants than the dc.sert locust. In 
certain Russian and Central Asian regions, reeds 
form the staple food. Alost grasses are eaten, inclu- 
ding species of Cynodon, Vclivcria, Sorghum, Penni- 
setum, Echinochloa and Brachiaria. This locust has 
been successfully reared in the laboratory on fresh 
grasses of Poa spp. and on dry hay sprinkled with 
water. During the 1954 infestation in India, hoppers 
attacked mostly gra.s.ses and .sedges {Cy perns spp.), 
though cereals and paddy were also eaten at places. 
Cotton and groundnut were not touched; cabbage and 
lucerne arc eaten very reluctantly or after a periled 
of starvation. During the 1937 infestation, hajra and 
jowar crops were damaged in Bombay State. 

Several birds, notably bustards, cattle egret 
{Ruhtdeus ibis Linn.), bcc-cater [Merops orientalis 
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I atliain), kites and storks, attack and eat hoppers 
and adults during rest or flight. 

I’hc migratory locust contains 8% lal composed 
of the following acids: myristic, i.o : palmitic, 24.5 ; 
stearic. 7.3: hexadecenoic, 2.1; oleic, 12.4; linoleic. 
35.1: linolenic, 17.3; and imsaturated Co,;, 0.3?.'. 
(Rao &: Bhalia, Indian J. agric, Sci.y 1939. 9 , 79 ; 
Norris, Anii-Locusi Bull., No. 6, 1950: Davey Ik 
Johnston, ibid.. No. 22, 1956 ; Hilditch, 1956, 75). 

Bomhav Locust 
(Patanga succincia lann.) 

7 ’he Bombay locust, distributed in the Indo- 
Ceylon region, C 7 iina and South-East Asia, is a poten- 
tial and sporadic pest causing damage to crops. In 
its solitary phase, the locust is found throughout the 
greater ])art of India, except in Assam, Bunjal) and 
Kashmir. Swarms have been occasionally observed 
in various parts of the country : there has been no 
report of any swarm since 1927. Its main areas of 
breeding lie in forest regions of western ghats : 
breeding may also occur in parts of ("entral India, 
eastern ghats and Rajasthan. 

The colour of the solitary adult is brown or pale 
brown ; that of the adult in a swarm is red or 
reddish. During the period of oviposition, the colour 
may he dark brown. The general colouration of the 
hopper is green with minute black dots which 
become more and more distinct as the h(»ppcr 
advances in age : in the very advanced stage, the 
hopper ac(|uires a brownish tinge over its green 
body. Gregarious hopj)ers of the Bombay locust are 
not known. The body length of the adult male is 
48 56 mm. and that of the adult female. 57-63 mm. : 
with the forewings the lengths of both are slightly 
longer. 

I’he adult of the Bombay locust takes about ten 
months (September June) to attain sexual maturity. 
Eggs are laid in moist, clayey soil, sparsely covered 
with grasses or cultivated vegetation. Perhaps only 
one egg mass is laid by the female in its life time, 
and eggs hatch in 6-8 weeks. In their development, 
the hoppers pass through 7 or 8, rarely 9, stages in 
8-10 weeks before they become adults. A high degree 
of atmospheric humidity is essential for development 
and failure of rains when hoppers are developing 
results in the death of a large mmihcr of them. The 
adults of the generation produced in September may 
form swarms and fly in the direction of the prevail- 
ing wind. They are relatively inactive during the 
cold weather and flights are resumed again in spring 


and summer. There is only one generation of 
Bombay locust in a year. 

Like the migratory locust, the Bombay locust also 
prefers grasses to other plants lor food. Various 
millets, like hajra, jozcar and ragi, mango, citrus, 
(oconut |)alm and various forest trees have been re- 
corded as food plants. 

Lodestone — see Iron Ores 

Lodh Tree — see Symplocos 

LODOICEA C^>mm. (luthnae) 

A monotypic genus represented by L. maldiviea, 
a palm native of Seychelles Islands. It is grown in 
Indian gardens for ornament. 

L. maldivica (Poir.) Pers. syn. /., seyehellariim 
Lahill. Dochle Cocioxri Palm, Sea CocoNi r Palm 
D.E.P., V. 87 : Blatter, 213, PI. XL-XLV, Fig. 29. 

I fiNOi — l)ar\a-ka-nar\al ; Mak. — Jahari-naral ; 

Ch j. — Daryauuuari\al ; 'Pei,. -Saiutidral^u teukaya ; 
'Pam. — Kadalthengai; M.\l. — Kataltenna, akraritennu. 

A tall, dioecious palm, with straight, smooth, 
annulated trunk. 18-30 m. high and 0.3 m. diam. It 
bears a crown of 12-20 large, fan-shaped leaves with 
stout petioles: fruits large, uj) to 1.2 m. in circum- 
ference and 11.4 kg. in weight (max. recorded wt., 
27.2 kg.), olive-green, usually one-seeded ; nut (pyrene) 
large, deeply bilobed, bony, firmly attached to 



Phvto : /). Chatter jvcy Calcutta 
FIG. 57. 1.0IX>1CEA MALDIVICA-DOUBLE COCONUT 
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mesocarp ; shell thick, black. The nuts arc reported to 
be imported into India. 

L, maldiviai is a giant among palms. It can grow 
on all types of soils from the sandy shore to the arid 
mountain top, hut thrives best in deep gorges covered 
with plant debris. For successful culture, thorough 
drainage, abundance of moisture and a hot climate 
are necessary. 'Fhc nut lakes about 2-3 years for 
germination. The palm flowers when 30 years old 
and takes about 3 to 10 years from the time of 
flowering to the maturation of fruits (Blatter, 222- 
24, 230 ; Bailey, 1947. II, 1900). 

T]w nut is used for making plates, dislies and 
drinking cups : it is carved into ornaments. The hard 
kernel (endosperm) affords vegetable ivory. The 
unripe kernel and the crown of the trunk are edible. 
The water of the green fruit and its soft kernel are 
considered ant ibil ions and antacid. A decoction of 
the (ibrous husk is reported to bring down urinary 
sugar level in diabetic patients, but the effect is 
remj)orary (Blatter, 243: Burkill, II, Kirt. & 

Basu, IV, 2577 ; Konian, 1919, 17). 

'Fhe leaves of the palm are used for thatching and 
for making baskets. Unexpanded, lender leaves are 
dried in the sun, cut into longitudinal strips and 
plaited into hats. Brooms and baskets are made from 
the ribs of leaves and petioles. The woody trunk is 
used as water troughs, palisades for houses and 
walking sticks. The down attached to young leaves 
is suitable for sttifling pillows and mattresses (Blatter, 
243 ; Williams & Williams, 2(xj). 

Logan - see Euphoria 
Logwood — see Haematoxylon 

LOLIUM Linn. (Craniineae) 

A small genus of erect, annual or perennial grasses 
distrihuted in temperate Asia, Europe and North 
Africa. About 4 s|)ecies have been recorded in India. 

L. multiflorum Lam. syn. L. ilalietim A. Br. 
Itai.ian Ryegra.ss 

FI. Assam, V, 66; Iluhhard, 131, Fig. p. 130. 

An annual or biennial grass with tufted stems, 
2o-i(M> cm. high, found in temperate parts of the 
Old World. It has been introduced into vShillong 
(Assam) along with other grass seeds from southern 
Europe. 

L. multifionim is a valuable fodder grass for graz- 
ing, as also for use as hay. It thrives well on moist 
fertile soils, especially those irrigated with sewage 
ettluent and produces a great bulk of herbage. It is 


a short duration grazing plant which recovers 
rapidly after defoliation. It is relished by livestock 
and makes a good nurse crop for permanent pastures. 
It also makes a fine temporary lawn. It has been 
crossed with L. perenne and a short duration 
ryegrass highly palatable has been obtained (Robin- 
son, 1949, 26:); Schoth ^ Hein, Ia'uII. iJ. S. i)ep. 
Agru\, No. 196, 1948 : Hall, 164). 

The composition of Italian ryegrass and its .seed is 
given in Table i. The grass is a good source of 
carotene (609 /4g./g., dry basis) and vitamins of the 
B group (riboflavin, 27.5 : pantothenic acid, 19.5 ; 
nicotinic acid, 54.2 ; and thiamine, 13.3 /^g./s * 
hasi.s). An alkaloid, perloline, is present. The seeds 
provide a feedstulf rich in carbohydrates. They con- 
tain a gluten similar to wheat gluten (Moyer et al., 
A^ron. 1949, 41 , 344: Henry, 750; Common, 
/. e^rie, Sci,, 1945, 35 , 56; Chem. Ahsir., 1933, 27 , 
375 ^)- 

L. perenne Linn. IHikenmai. Ryk.ckass 

D.E.R, V, 88; FI. Br. Ind., VII, 365; Hubbard. 
129, Fig. p. 128. 

A perennial grass with tufted stems, up to 90 cm. 
high, found in wx*sterii Tibet at c. 4,500 m. Leaves 
flat, hairless, pointed or blunt, uj) to 30 cm. long and 
1.25 cm. broad ; spikes straight with spikelets stalk- 
less ; grain glabrous tightly cnclo.sed in the hardened 
lemma and palca. 

The grass has been introduced into Simla. Sikkim 
(2,10 ) m.), Shillong, Nilgiri and l\*dni hills. It is con- 
sidered worthy of trial in the lower foothills, valleys 
and highlands of S. India and also in such places as 
Kangra valley in Punjab, where grazing is delicient. 
It responds well to cultivation and manuring, and 
can be grown in mixture w'ith clover and other grass 
species. It withstands cutting and grazing, and yields 
an excellent fodder for horses, cattle and sheep 
(Lander, 153 ; Bell, 45 ; Robinson. 1949, 259 ; Davies. 
121 ; Hall, 155; Schoth Hein, loc. cit.). 

Perennial ryegrass is valuable as pasture, ley or 
sward. For making hay, the grass is cut when the 
.seed is in the .soft dough stage. Table 1 gives the 
chemical composition of gra.ss, hay and seeds. The 
grass is a good source of carotene (4.8 mg./ioo g.). 
It contains free fructose, fructosan, mannitol, aiul a 
complex mixture of oligosaccharides ; oxalic, citric, 
malic and shikimic acids are present and a few amino 
acids have been identified. ^Fhc grass also contains 
glycerides and a wax containing hexacosanol (Schoth 
& Hein, loc. cit. ; Morrison, 378, 1106 ; Nutr, Abstr, 
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TABLE 1— CHEMICAL COMPOSITION OF RYEGRASSES AND THEIR SEEDS 
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Rrv., ic;47 4S, 17 , 619 ; Wylam, /. Sri, Fd Agric., 
1954, 5 , 167 ; Harwood, ibid., 1954, 5 , 453 : Richard- 
son llnliiic. Nature, Loud., 1955, 175 , 43: Arm- 
strong, J. Sri. Fd Airrir., 1951, 2 , 166: Synge, liio- 
r/trui. 1951, 49 , 642 : Warth, 233). 

'riirce alkaloids have been seiiarated from the 
grass: they are: jierloline (C,„I l.ijOyN ,, m.p. 181”), 
perlolidine (C^.Hi^OaN ,, m.p. 325-26°) and a litpiid 
l)ase C,.,TI;N (m.p. of picrate 154-56°). IVrIoline lorms 
the major component : it is Hiioresceni and is mildly 
toxic to mice : there is evidence to suspect that it 
causes facial ec/ema in livestock feeding on the gra.ss 
(Henry, 749: Chrvi, Ahslr., 1944, 38 , 1073). 

As a feed for livestock, the seeds of /^. prrriiur are 
comparable to oats in nutritive value. They contain 
a prolamine and a gluten similar to wheat gluten 
((-Common. ]. aij^rir. Sri., 1945, 35 , 56: Wehmer, IT, 
1296: Cliruj. /I/;.s 7 r., 1933, 27 , 375 ^^)* 

Hiough an excellent fodder and jiasturc grass, 
exclusive feeding on L, prrrnur is reported to cause 
diseases in animals, probably due to the grass being 
ergotized or otherwise affected. 

L. temulentum Linn. Daknel 
D.K.P., V, 90: FI. Br. Ind.. VIT, 364: Hubbard. 
*3.3. Fig. p. 132. 

Hindi — Moclini, 

Punjab Mostaki, 


An annual grass with a stout and erect .stem, 
30 90 cm. high, found as a weed of cultivation in the 
upper Gangetic plain, Punjab and western Hima- 
layas up to 1,800 m. : it occurs in Shillong as an 
escape. Leaves glahn)us, 15-30 cm. long, 3 8 mm. 
broad ; spikes erect, 8-30 cm. long with 10-20 sjiike- 
lets : grain elliptic oblong, semiterete, grooved in 
front. The plant is a native of temperate Asia, south- 
ern Fairo|)e and North Africa and has spread to many 
other countries (FI. A.ssam, V, 66). 

The grass affords a nutritive feed for livestock, hut 
animals should not he allowed to graze after the 
setting of seeds. The chemical composition of grass 
from Kashmir is given in Table i. It contains the 
alkaloid, perloline (Chopra rt aL, Indian J. af^ric, Sri., 
1956. 26 , 415 : Chopra ct aL, 70 : Henry, 750). 

The seeds have a composition similar to that of 
oats and are innocuous to livestock when free from 
fungus infection. The seeds arc liable to infection by 
ergot, mildew and other fungi, particularly Kndo- 
roniditnn Irmulcntum Priti & l^eloer. Infected seeds 
arc poisonotis and cause gastrointestinal irritation, 
convidsions, paralysis and severe nervous symptoms. 
Several cases of poisoning in man and livestock dtie 
to admixture of wheat or other cereals with infected 
darnel seeds have been reported. The toxic principle 
is considered to he a liquid narcotic alkaloid, temuline 
(CLHpiONa), produced by the fungus E, temulentum ; 
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loliine, which is also reported to he present, produces 
similar effects (Wiiiton & Wini(>n, I, 185 ; U.S.D., 
* 955 ’ * 744 ’ • ^'*’^‘^‘'*1 ^ Rhaduri, 

Indian mrd. Gaz., 1946, 81 , 294 : Watt ^ Rrcyer- 
Rrandw'ijk, 5). 

Longan — sec Euphoria 

LONICERA I ann. (Capri foliaccac) 

A genus of erect, diinhing or scrambling shrubs 
distributed chiefly in the subtropical and temperate 
regions of the northern hemisphere. About 40 species 
are found in India : a few exotics are cultivated for 
ornament. 

Popularly known as Honeysuckles, some species of 
Lonievra are highly valued in gardens for their hand- 
some foliage and fragrant flowers. They thrive well 
in hill stations ; climbers are particularly wx 41 
suited for covering arbours, railings and trellises : 
bushy species bear attractive berries varying in colour 
from white, yellow, purple or blue to l)lack. Honey- 
suckles arc easy to grow and may be pro|)agated by 
seeds, cuttings or layering (Ror Raizada, 156 -60 ; 
Rums & Davis, 58. 106 ; Chittenden, 111 , 1202 : 
Gopalaswamiengar, 358). 

L. japonica Tbunb. Japanese Honeysucki.e 

Ror & Raizada, 159, PI. 57, Fig. loi. 

Iajauw —I^cihruisen, 

A large climber found in faishai hills (Assam) at 
an altitude of 750 m. and commonly cultivated in 
gardens, [.eaves ovate to oblong-ovate, glabrous or 
sparsely hairy : flowers in axillary pedunculate pairs, 
often crowded at the ends of branches, fragrant, white 
or purple-tinged, clianging to yellow ,* berries black 
I Fischer, Rec. hot. Snrv. India, 1935, 12(2), 100]. 

L. japonica is commonly met wath in gardens both 
in the plains and on the hills, ft thrives best on good 
loams but docs well on any fair garden soil. It is some- 
what susceptible to frost. It forms a good ground 
cover and soil binder. If allowed to grow unchecked, 
it may become a noxious weed covering pastures or 
smothering young tree growth in woodlands, and 
reejuiring the use of weedicides, e.g. 2,4-D, ammo- 
nium sulphamate or monothiophcnolic compounds, 
for checking its spread (Macself, 128 : Reale, /.N.K. 
hot. Crdn, 1C950, 51 , 68 : CJicm, Abslr., 1949, 43 , 1895 : 
i(;44, 38 , 2159 ; i(;52, 46 , 1213). 

Japanese honeysuckle is browsed by cattle, especial- 
ly when <)ther roughage is in short supply ; wild 
animals and birds have been observed to feed on it in 
winter. In U.S.A., it is considered to have some possi- 
bilities as an emergency green roughage for dairy 


cattle. In nutritive value, it is comparable to common 
forage grasses (Noland & Morrison, /. Dairy Scl., 
'954. 37 , 173). 

The })lant has long been used in China as an anti- 
pyretic. stomachic and in dysentery ; dried flowers arc 
considered diuretic. The plant contains tannin and a 
saponin ; luteolin and r-inositol have been isolated 
from the flowers. The berries are rich in carotenoids, 
of which cryptoxanthin is the major component 
(Chem. Abstr., 1942, 36 , 1731 : 1950, 44 , 1977 : 
Quisumbing, 929 : Goodwin, Biocbcni. /., 1952, 51 , 

45 «)- 

L. periclymenum Linn. WoonniNi-: HoNEYsuerKLE 

D.E.P., V, 90 : Railey, 1949, 941. 

A small climbing shrub cultivated in hill stations 
in India for its sweet-scented flowers. Leaves ovate or 
elliptic to ovate-oblong, sometimes slightly pubes- 
cent : flowers in terminal heads, fragrant, yellowish 
white, often purplish outside ; berries globose, red. 

L. pcrklynicninn is a shrub eaten by cattle, in 
the green as wcW as dry condition. The flowers have 
a delightfully sweet fragrance, hut have not been 
utilized for the extraction of perfume on a commer- 
cial scale. Honeysuckle perfumes of commerce are 
synthetic products. The flow'ers contain a colouring 
matter which dyes aluminium mordanted cotton pale 
dull yellow. They also contain a mucilage and possess 
anti-spasmodic, diuretic and sudorific properties ; 
they are used in the form of syrup in diseases of the 
respiratory tract and spleen. The leaves contain an 
amorphous glycoside and salicylic acid (Ji Publ. imp. 
affric. Bin., No. 10, 1947, ^24-25 : Poucher, If, 131-32 : 
Perkin & F.verest, 636 : Steinmeiz, 11 , 282 : Wehmer, 
If, 1188). 

L. quinquelocularis Hardw. Himai.avan Honey- 
suckle 

1).K.P.,V,9i :Fl.Rr. Ind., Ill, 14. 

Kasilmir batcri, pakhur ; Punjab Hu.i.s — 

Baknt, phul ; Kumaon & U.P. Hii.l.s — Taknoi, bhali, 
badkukra, badru. 

A large deciduous shrub, rarely a small tree, found 
in the Himalayas from Kashmir to Hhutan up to an 
altitude of 4,000 m. Rark pale brown or whitish, 
rather rougli with shallow longitudinal cracks, peel- 
ing off in fibrous strips ; young shoots densely pube- 
scent ; leaves ovate or broadly lanceolate, more or less 
pube.scent ; flowers in axillary pairs, white fading to 
yellow *, berries ovoid, whitish. The plant is suscep- 
tible to attack by cantharid beetle, Cantharis (Epi~ 
cauta) antennalis Mais., and the fungus. Fames 
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cofichatiis (Pcrs.) Fr. (Stcbbing, 248 : Kban, Pakist, /. 
Sci., 1952, 4 , 65). 

The sa[)W()0(l is white ; hcartwood greyish l)rown, 
very hard, heavy (wt., 52 Ib./cii.ft.) and close-grained. 
It is suitable for turnery, carving, tool handles and 
ploughs. The branches are sometimes used as walking 
sticks. The outer bark yields a fibre suitable for 
stuffing mattresses. Leaves arc used as fodder for 
goats (Gamble, 397-98 ; Gupta, 265 ; Laurie, Indian 
For. lA'afl., No. 82, 1945, 3). 

L. anjrnstifolia Wall, ex DC. (Punjab — Mithifra, 
jinjnt, pliilku ; U.P. — GtY/ug, chain, pirln, hanchidii) 
is a shrub i. 8-3.6 ni. high, with sweet, edible berries, 
found in the Himalayas from Kashmir to Sikkim at 
altitudes of 1,800-3,600 m. The cantharid beetle, 
Cantharis (Kpicauta) antcnnalis Mais., attacks this 
species. The wood (wl., 60 Ih./cu.ft.) is white, liard 
and close-grained. Branches are used for walking 
sticks (Gupta. 264 : Stel)bing, 248 : Gaml)le, 397). 

L. glauca Hook. f. & Thoms. (Punjab & Kumaon - 
Sliiniih, shezea, shea) is a small erect or decumbent 
shrub found in the Himalayas from Kashmir to 
Kumaon at altitudes of 3,600 4,800 m. The seeds are 
reported to be given to horses for colic. 

L. hypolrnca Decne. (Punjab VhiA.s —Khanno, kodi, 
zhiko, raprsho) is a spreading shrub found in the 
arid tracts of the Himalayas from Kashmir to 
Kumaon, at altitudes of 2,100-3,000 m. The leaves 
arc eaten by camels, goats and sheep. The wood is 
white, moderately liard and close-grained (Gamble, 
39 ^)- 

L. nipicola Hook. f. Thoms, is a rigid sliruh 
found in the inner dry ranges of the Himalayas north 
of Kumaon and Sikkim at altitudes of 3,6rxv 4,200 m. 
It is reported to form good hedges between the fields. 

L. iotnrnicl/a Hook. f. Thoms, is a shrub found 
in Sikkim at altitudes of 2,400-3,600 m. It is reported 
to contain saponin (Wehmer, 11 , 1188). 

L. zvchbiana Wall. syn. L. alpigena C. B. Clarke 
(FI. Br. Ind.), non Linn. (U.P. -Phnlor) is a medium- 
si/ed to large shrub found in the Himalayas from 
Kashmir to Kumaon at liltitudes of 2,ioo-3,9(X> m. 
The wood is white, moderately hard and used as fuel 
(Gamble, 398). 

LOPHATHERUM Brongn. (Gramincae) 

FI. Rr. Ind., VII, 331. 

A small genus of tall, slender grasses distributed 
in South-Fast Asia and North-Fast Australia. One 
species, L. gracilc Brongn., a loosely tufted perennial 


grass with fleshy roots and broad, fiat leaves, is found 
in tropical Himcilayas from Sikkim eastwards and 
in the plains and hills of Assam up to 1,200 m. ; it is 
also reported to occur in 'Pravancore. It puts forth an 
abundance of foliage, eaten by all animals. Vegeta- 
tive parts are considered carminative, stomachic, anti- 
febrile and diuretic in China (FI. Assam, V, 60 : FI. 
Madras, 1847 * Burkill, II, 1364 : Cains, /. Bombay 
nat. Hist. Soc., 1935-36, 38, 565). 

LOPHOPETALUM Wight {Cclastracvac) 

A genus of trees and shrubs distributed from India 
to New Guinea. Three species arc found in India. 

L. fimbriatum Wight 

I'l. Br. Ind., I, 615. 

Assam — Runin. 

A medium-sized to large deciduous tree, 18-30 m. 
in height (bole, 12-15 m.) and 2.4-4.5 girth, 

found in the lower hill forests of Bengal and in 
Assam. Bark grey, rough with horizontal wrinkles, 
pink inside ; leaves ovate or ovate-oblong, subcoria- 
ceous : flowers in lax cymes, yellow or red. 

'Phe wood is pale yellow to light pink or brownish 
grey, somewhat lustrous, straight-grained, medium- 
and even-textured, moderately hard, strong and 
light (sp. gr., 0.53 : wt., 34 Ib./cu.ft.). It seasons with- 
out dilliculty, but is liable to develop radial splits : 
green conversion and proper stacking arc recommend- 
ed. In Assam, logs generally lie in the forest for six 
months after felling and floating in streams for a 
further period of six months : the material obtained 
by extraction and conversion is (piite sound (Pearson 

Brown, 1 , 279 80). 

The wood is tiurable under cover but not in the 
open or in contact with ground. It works well with 
tools and on the lathe giving a line smooth surface. 
It is much used for boxes, especially tea chests ; it is 
suitable for general car[)entry purposes and aeroplane 
fratnes (Pearson Brown, I, 280 ; FI. Assam, I, 267). 

L. wightianum Arn. 

D.F.P.. V, 92 : FI. Br. Ind., 1 , 615 : 'Palbot, I, 273, 
Fig. 1 61. 

Tam.— Vcnkollci, vcugalkattci ; Kan.- BanaU\ bab 
pale, bilihalasn, saitalc, hotiair ; Mat.. -Vrtikolta, 
venkadavan. 

CooRd- Palniani. 

Trade — Banatiy balpalr. 

A large evergreen tree, sometimes up to 30 m. in 
height (bole, 15-18 m.) and 3 m. in girth, found on 
the west coast from Konkan southwards up to an 
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altitude of 900 m. ; it is common in the evergreen 
forests of Travancore and on river banks at low ele- 
vations. Bark greyisli brown, scaly, blaze flcsb- 
coloured : leaves ovate-oblong or oblong-lanccolatc, 
coriaceous : flowers in paniculate cymes, dull reddish 
or purple: capsule c. 12.5 cm. x 5.0 cm. ; seeds thin, 
broadly winged. 

Natural reproduction of the tree is generally ade- 
(piatc. Tt may be artificially propagated by transplant- 
ing seedlings under overhead shade : the plant is a 
shade-bearer. The rate of growth is usually fast 
(Induui For., 1952, 78 , 348 ; Troup, I, 210). 

The wood is pale yellow to light pinkish or 
brownish grey, somewhat lustrous, straight-grained, 
medium- and even-textured, moderately hard and 
light (sp. gr., 0.43 : wt., 28 Ib./cu.ft.). It air-seasons 
well and develops only a few fine cracks. It tan be 
kiln-seasoned in 4 5 days ; initial steaming for 2 hours 
at 55"’/ *00",, R.ll. is necessary to sterilize the wood 
(Pearson & Brown, I, 277-78 ; Rehman, Indian For., 
*953^ 79 , 369). 

'Fhe wood is fairly iliirable under cover ; graveyard 
tests gave an average natural durability of 2-5 years. 



F.R.I., Dehra Dim. Photo : S. .S'. Choai 

FIG. 58. LOPHOPETALUM WiGHTIANUM-TRANSVERSE SECTION 
OF WOOD 


The wood is reported to last longer if smoked. It is 
liable to insect and fungal attack ; powTllizing or 
treatment with salt solution are recommended as 
protection measures. It is easy to saw and work and 
finishes to a smooth surface which takes a good 
polish. The data for the comparative suitability of 
l)anati timber, expressed as percentages of the same 
properties of teak, are: wt., 65 : strength as a beam 
50 ; stillness as a beam, 60 : suitability as a post, 55 
shock-resisting ability, 50 : retention of shape, 80 
shear, 65 : and hardness, 45 (Pearson is: Brown, I 
278 : Purushotham cl al., Indian For., 1953, 79 , 49 ; 
Sekhar & Bhatnagar, ibid., 1955, 4 -^^ * Boiirdillon, 

89 : Limaye, Indian For. Rvc., N. S., Tiinh. Afrch., 
1954, 1 , 53, Sheet No. 12). 

Banal i is a poj)ular light limber much used for 
building purposes. It is suitable for furniture, cabinet 
work, panels for railway carriages, plywood and 
veneers, tea chests, light and heavy packing cases, 
cf)flins, bobbins, match boxes and s|)linis : timber with 
wavy figuring is used for ornamental work. The wood 
can be rendered suitable for pencil making by pro|)er 
treatment (Pearson ^ Brow'U, I, 278-79; llow'ard, 
311 : Indian For., 1932, 78 , 274: IS: 399, 1952, 25, 
28, 35 : Trotter, 1944, 198 : Krishnamurti Naidu, 84 : 
Rehman & Jai Kishen. Indian For., 1951. 77 , 699). 

LOPHOPOGON H ack. (Craminritr) 

FI. Br. Ind., VII, 149 : Blatter McC'anii, 28, 
PI. 19. 

An Indo-Malayan genus of small, perennial, dense 
ly tufted grasses, of which three species are found in 
India. 

L. tridrniains Hack., a small annual or perennial 
grass, with slender, tufted stems, 10-45 cm. high, 
and rigid leaves, is found usually in dry, gravelly up- 
lands in Madhya Pradesh, Deccan, Konkan and 
Kanara up to 720 in. It is a useful fodder grass and 
cattle nibble it only before flowering. Analysis of grass 
gave the following values (air dry basis): moisture, 
7.76; protein, 2.37; carbohydrates, 39.58: fat, 1.51 : 
fibre, 29.17 : and ash, 19.61% (Ranga Achariyar, 168 : 
Jacob, Madras af^ric. 1939, 27 , 9 : Ramiah, Bull. 
Dcp. Agric. Madras, No. 33, 1941, 14). 

Loquat — sec Eriobotrya 

Loranthus — sec Dendrophthoe, Macrosolen 

LORIS (Class Mammalia, order Primates, sub-order 
Prosimii, family Lorisidae) 

Fn. Br. Ind., Mammalia, 1939, I, 164 -85. 
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Lorises arc small, (|iia(lrumanoiis ape like animals, 
mostly arboreal and nocturnal in habit, found in the 
Indo-Malayan region. They are characterized by their 
huge staring eyes, rudimentary tail and imperfectly 
developed index lingers ; the coat is covered by soft 
fur. The digits of hands and feet, the well-padded 
palms and soles, and the short hairy heels are well 
adapted to give them a tenacity of grip une(|ualled 
in other primates. I^orises are represented in India by 
a single race of Nyclicchus coucau" Bodaen (Slow 
Loris) and two races of Loris lardigradiis lann. 
(Slender Loris). These animals and their skeletons 
are in demand and are exported to various zoological 
gardens and museums. 

Nyclici'htts couaiiifr hcuifairnsis l^lscher (Hindi 
Shitrniitidi hilli ; Bi:n(;. Lnjjar hmiar, Idjjozvali 

h(iH(ir) inhabits the dense forests of Naga and Lushai 
hills of Assam. Compared to other races, this slow 
loris is somewhat larger in si/e (combined length of 
head and body, 35 -37 cm. : wt., (. i.i kg.). Its move- 
ments are slow, delilierate and wavering ; it sleeps 
with its head and hands lucked in between the thighs. 



Photo : E. P. Walker. Nt'U' York Zoolof^ival Society 


FIG. 59. SLOW LORIS— NYCTICEBUS COUCANG BENGALENSIS 



NezL' York Zoological Society 


FIG. 60. SLENDER I.ORIS-LORIS TARDIGRADIJS LYDEKKERIANUS 

'rhough savage in the early stages of captivity, it can 
he turned to a docile per. Tribal jicople are reported 
to use the fur of the animal for stopping bleeding 
from wounds. 

Loris lardigradus lydckkcriniius Cabrera (Hindi — 
Slirnuitida ; Mar. — WafUtr itiunitsliyu ; T'kl. — 
Drvaii^d julli ; Tam. — Tcur///g//, kdllit pulld\c ; Kan. 
- Kddit pdpd, tidld mduttshyd ; CooKt; C 7 ////gc kul\) 
is found in the forests of eastern ghats up to an alti- 
tude of 900 m., extending westwards to Mysore. It is 
distinguished from tlie slow loris by its lean lanky 
appearance and long .slender limbs (combined length 
of head and body, 22 27 cm. : wt., 220 350 g.). Slender 
loris is a victim of the superstition that its lustrous 
eyes are a love charm and a cure for eye troubles ; 
a good number of animals are caught and sold alive. 
L. t. itidldhdrlcus Wroughton (Coorc; Hmiimunudy 
siti^dlikd, kddtt wdiittshyd) occurs in south Coorg, 
Malabar, Wynaad and Travancore, up to an altitude 
of 870 m. : it is smaller than L. /. lydekkeriduus 
(jerdon, 14-16; Sterndale, 22-24; Prater, 20-21; 
Ellcrman & Morrison-Scott, 190 92). 

LOTUS I aim . [Lcgumiuosdc) 

A fairly large genus of herbs distributed mainly in 
Europe, Africa, Asia and Australia ; the American 
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species, though kept by many authors iiiuier a 
separate genus, are considered to he in no way dilVcr- 
ent and are rcconiinended for inclusion in this genus, 
'rhree species arc recorded in India, of which two are 
indigenous ; L. jacohacm Linn., an introduced species, 
is cultivated in Indian gardens (Callen, Canad. /. Hot., 
*959’ *57 ’ Lirminger, 564). 

L. corniculatus Linn. Rirdsfoof Trkkoil 

Kl. Br. Ind., II, yi : Blatter, I, 79, PI. 18, Fig. 4. 

A perennial herb with slender glabrous stem, 
c. 30.0 cm. high, distributed in the Himalayas from 
Kashmir to Nepal up to an altitude of 3,i>oo m. Leaves 
compound : leaflets 5, lower pairs resembling stipules ; 
flowers golden yellow, in axillary umbels ; pods 
cylindrical. 2.50-4.0 cm. long, enclosing several 
seeds : seeds plumpy, bright, shining olive-brown. 

L. corniculatus is a very variable species. It is 
common in open glades of woods and hillsides in 
Kashmir. Though indigenous to India, it has not 
attained much importance as a pasture plant. In 
America, Africa and Australia, however, it is widely 
grown as a component of mixed pastures. It is fairly 
hardy and shows a wide range of adaptability to 
climatic and soil conditions ; in tolerance to drought 
and high concentration of salt, it is superior to clover 
or lucerne. It is a good soil hinder and is not affected 
by any serious pest or disease. It is slow in growth 
and needs the support of a grass cover to prevent it 
from lodging. It maintains superior feeding value 
with advancing maturity better than most other 
forages (Ahlgren, 108 ; Robinson, 65 : Whyte ct ul., 
287 : Panikkar, Indian Fmg, 1949, 10 , 444). 

Birdsfoot trefoil is palatable to animals and may 
he used in pasture or fed as silage or hay. In composi- 
tion and nutritive value, it compares favourably with 
lucerne and white clover. It docs not cause bloat in 
cattle, as lucerne sometimes does : it contains hydro- 
cyanic acid hut only in traces and is not toxic to 
animals. Analysis of pasture and hay from U.S.A. 
gave the following values: pasture — total dry matter, 
20.0; protein, 5.6 ; fat, i.o; N-frec extr., 9.3: fibre, 
2.6 ; and mineral matter, digestible nutrients — 

digestible protein, 4.6 ; total digestible nutrients, 
15.0% : nutritive ratio, 2.3 ; hay — total dry matter, 
91.2 ; protein. 14.2 ; fat, 2.1 : N-free extr., 41.9 ; fibre, 
27.0; mineral matter, 6.0; calcium, 1.6: phosphorus, 
0.20; and potassium, 1.66%: digestible nutrients — 
digestible protein, 9.8 ; total digestible nutrients, 
55.0 /o ; nutritive ratio, 4.6. The hay is a good source 
of carotene (7.3 mg./ too g.). Feeding trials have shown 


that milk from cows fed on trefoil hay contains more 
of vitamins A and E than that from cows given 
lucerne hay (Ahlgren, 111-13: Panikkar, loc. cit. ; 
Morrison. 325, 1020, i(k> 2 -o 3 : I^)osli et al., ]. Dairy 
Sci., 1950, 33 , 228). 

The flowers and leaves of the plant contain a 
colouring matter which imparts an orange-yellow 
colour to aluminium-mordanted cotton. The flowers 
constitute an important source of nectar for honey 
bees in Britain. They contain a-carotene, ^-carotene, 
xanthophyll, xanthophyll epoxide, violaxanthin and 
an unidentified carotenoid. The seeds yield 6.5*;.) of a 
fat^y oil (Perkin & Everest, 636 : Indiati Hee /., 1953, 
15 , 115; Karrer & Jucker, 71 ; Wehmer, 1 , 533). 

Lotus, Sacred — see Nelumbo 
Love Grass — see Eragrostis 
Lovi-Lovi — see Flacourtia 
Loxa Bark — see Cinchona 
Lucerne — see Medicago 

LUCULIA Sweet (Rubiacrae) 

D.E.P., V, 93 ; FI. Br. Ind., Ill, 36. 

A small genus of shrubs or small trees distributed 
from Himalayas to China. Three species arc found in 
India. 

L. gratissinia Sweet (Nepal — Dozvari ; Lkpciia — 
Simbrangrip, sabrahrik) is a large ornamental shrub 
or small tree, up to 5 m. in height, found in the 
Himalayas from Nepal to Bhutan and in Lushai hills 
at alt it tides of i,20f>-i.8oo m. Bark thin, grey : leaves 
ovate-ohlong, very variable ; flowers in terminal 
coryitihs, pink, very fragrant : capsule ohovoid. The 
leaves of this species are reported to be used in dyeing, 
alone or mixecl with those of Uedyotis spp. (<|.v.). The 
wood (wt., 23 Ib./cu.ft.) is white, moderately hard, 
close- and cveii-grained. The flowers are used by local 
people for decoration (Gamble, 408). 

Luculia spp., especially L. gratissinia, are valued in 
England and America as winter shrubs for house 
decoration and conservatories. They arc propagated 
by stem cuttings (Bailey, 1947, II, 1918 ; Chittenden. 
Ill, 1210). 

♦LUDWIGIA Linn. {Onagraccac) 

FI. Br. Ind., II, 588. 

A genus of annual or [)crennial, a(|uatic or semi- 
atjuatic herbs distributed mostly in N. America ; a 

♦Somr 2 iiiihors amalgamate this genus with Jussiaca Linn. 
(Brenan, Kiiv Butt., 1953, 163). 
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IVw s|)ccics arc ioiind in tropical Africa, rroplcal Asia 
and Australia. Two species occur in India. 

/-. percunis Linn. syn. L. parviftora Roxh. (Mcndaki 
-Siikuri pota, gara sirfriti) is a herliaccous. erect 
annual, found throughout the greater part of India 
usually in rice fields, moist areas and river hanks. 
'I'he plant, boiled with oil, is used by Mundas as an 
external application on the body lor reducing fever. 
/.. proslmla Roxl). (Mundari- Huritifr rangaini) is a 
prostrate or decumbent herb found in rice fields and 
swamps in the upper Gangetic plain, Hihar, Sikkim 
ferai, N. Bengal, Aka hills (Assam) and western gliats 
up to 600 m. The leaves of the jdant are reported 
to he used by Mundas for acliing muscles and tooth- 
ache (Bressers, 66). 

LUFFA I aim. (Cmurlnlaccac) 

A small genus of herbaceous climbers mainly indi- 
genous to the tropics of the Old World Imhii* or five 
species are found wild in India. Sf)me are grown for 
their edible fruits while a few are of medicinal value : 
one yields the well-known Loofah Sponge. 

L. acutangula (Linn.) Roxh. Ridc;ei) ok Rihbki) 
G()uki> 

D.L.P., V, (^4: LI. Br. Ind., II. 615; Chakravariy. 
Rcc. hot. Sure, fiidin, ^ 7 ( 1 ), 79. 

Sans. — Jhongaka, knshataki ; Hindi — Kah tori, 
jhiu^ti tori ; Bf.nc;. — Jhinga, sataputi ; Mar. — 
Sliirold ; (iuj. — Ghisoda ; Tfi,. -Birakaya ; Tam. — 
Pirk(mk(d : Kan. Hircka\i ; Mai.. -Piclicfi^a. 

A large climber with palmately 5- 7 angled or lohed 
leaves found wild in northwest India. Bihar. Bengal. 
Sikkim and Assam, and also in Madras. Plants 
monoecious ; male flowers with stamens, in to to 
2o-flowered racemes, female llftwers solitary, in 
same axils as males ; fruits 15-30 cm. long (rarely 
up to I m. or more). cvHndrical or cluh-shapecl. 
ivith 10 [iromincnt almost winglike, longitudinal 
ribs or ridges: seeds much compres.sed. to 12 
mm. long, slightly corrugati'd on edges, black 
when ripe. 

Ridged gourd is cultivated throughout India. A 
strain grown in Bihar, and locally known as Satputria 
or Satputiya, hears herma]>hrodite flowers and fruits 
in clu.sters. A cross of Satputixd with the common 
monoecious strain is reported to yield live times as 
much fruit as the monoecious parent : unlike the 
Satputiya parent, it is suitable for summer cultivation. 
Pusa Nasdar, a strain evolved from the common 
cultivated form, is reported to he early maturing ; it 
produces cdulKshaped fruits of good length and is suit- 



FlCi. hi. LUFFA ACUTANGULA-FRIUTS 

able for cuitixation in summer | Singh ct nL, Natiin’, 
IaouL, u;4S. 161 , 775 : Rii hharia. Proc. BHutr AauL 
Sci., i(;52, 1 , 1 : Singh Sikka. fndion Poifr, 
N.S.. T(;55-5f). 5(5). 25I. 

Ridgi'd gourd thrives in all types of soils and 
responds well to manuring. Manure is generally 
added to the crop jireieding it. Apiiliialion of farm- 
yard mamiri* at lo cartloads jier acre, supplemented 
with 200 Ib. of a mixture of super|)hosphate and 
ammonium sulphate in the proportion of 2:1. is consi- 
dered heiielicial. d'wo crojis are raised in a year, one 
early (summer crop) and another late (monsoon or 
autumn crop). Karly sowings are made in Kebruary- 
March on patches or hills 3 ft. a|)art each way irri- 
gation at intervals of 4-5 days is necessary, d’he plants 
are allowed to trail over the ground without any 
support. Late sowings are made in june-july in rows 
5-6 ft. apart, the distance between .sowings in the 
row being 8-12 in. Plants are staked u|) when they 
are a few inclu's tall. In areas with mild winters, 
sowings are possible practically throughout the vc‘ar 
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(Firmingcr, 152 ; (Pollan, 8S ; Piiivwal. 75 ; Singli & 
Sikka, loc. cit.). 

Mowcring starts c. 60 days after sowing ; the 
summer crop is ready for harvest in May -August 
and the monsoon crop in Scptember-l)ecemher. 
Shoots are pinched hack to induce fruit setting. Fruits 
are picked when still tender. Under ordinary condi- 
tions of cultivation, each plant yields 15-20 fruits : 
a higher yield is obtained with liberal applications 
of manure (Copalaswaniietigar, 556 : Singh (& Sikka, 
loc. cit.). 

The crop is susceptible to fruit rot caused by 
Pylhiinn (Fds.) Fit/patrick and 

downy mildew caused by Pscudnpcrouospora ctthcti- 
sis (lk*rk. Curt.) Rostov. It is also susceptible 
to leaf curl. 'Fbe mode of infection and method 
of control are the same as those described for 
iM^^cuuria (tj.v.). 

Seedlings and oldei plants arc subject to attack by 
the red pumpkin beetle Aulacophora fovcicollis 
Lucas. Dusting witli cowdung ash in the morning 
when leaves are wet w’ith dew or dusting with hydrat- 
ed lime or a mixture of lime and tobacco dust is 
reported to be elfective. IVriodic dusting with a 1:8 
mixture of Pari< green and ash, or a 1:50 mixture 
of lead arsenate and ash, is also recommended. Dust- 
ing with DDT or BMC in weak doses (3',’..) has given 
encouraging results, but is not recommended as the 
plants are sensitive to the insecticides and show 
phytotoxic symptoms. The fruit lly Dams diversus 
Co(|uilletl is a serious pest of autumn crops : the 
dies can be trapped in shallow vessels containing 
water and a few drops of citroiiella oil : infested 
fruits should he destroyed. Poccdoccrits picltis 
l"abr., a grasshopper common on Calotropis spp., 
damages the leaves. Spraying with calcium or 
sodium arsenite at i lb. and [A lb. per too gallotis 
of water affords satisfactory coiurt)! | Singh & 
Sikka, loc. cit. : Narayanan, Indimi Fn/g, N.S., 
1953-54, 3(2), 8 : Pruthi Nigam, Indian J. af(ric. 
Sci., 19^9, 9 , 629 ; Bindra, Induni /. Hort., 19^8, 
15 , 8o|.‘ 

Ridged gourd is a popular vegetable and is eaten 
when tender : on ripening, it becomes librous and 
unpalatable Analysis of the edible part of the fruit 
gave the following values: moisture, 95.4; protein, 
0.5: fat (ether extr.), o.i ; carbohydrates, 3.7: 
mineral matter, 0.3 : calcium, 0.04 ; and phosphorus, 
0.04 Vo ; iron, 1.6 mg./ too g. : carotene (as vitamin A), 
56 i.u./ too g. ; iodine and phytin are present. The 
non-protein nitrogen accounts for 48.8'X, of the total 


nitrogen ; the following amino acids liavc been 
identilied in the free state: arginine, glycine, threo- 
nine, glulatnic acid, leucines, serine, alanine, y-amino 
butyric acid and pipccolic acid {Illtli Bull., No, 23, 
1951, 40; Iodine Content of Foods, 77 ; Winton & 
Winton, II, 470 ; Kulkarni & Sohonie, Indiaii J. med. 
Res., 1956, 44 , 51 J : Rao cl al., J. sci. induslr. Res., 
1956, I 5 C, 39). 

Ripe seeds of ridged gourd (wt., 19 g./ too seeds) 
contain bitter principles, designated as cticurbitacins 
B, D, C and 11 . The molecular formulae of the first 
three are, respectively, C;,JI,kOs (m.p. 184 8b"), 

(m.p. 151-52") and C,„n,, 0 ,, (m.p. 
149 50"): cucurbitacin 11 has iu)t been crystallized. 
Cucurbitacin B is the major constituent and it is 
probably identical with the principle described in 
the older literature and isolated from L. aculan^ula 
var. auiara and L. eylindrica. 'Fhc perisperm se|)a- 
rated from germinating seeds contains a high concen- 
tration of cticurbitacins B and 1 ). A saponin which 
gives oleanolic acid on hydrolysis has also been 
se|)araied from the seeds. The roots contain cucur- 
hiracin B and traces of cucurbitacin 1 ) (Barua rl al., 
/. Indian c/icni. Soc., 1958, 35 , 480 ; Fnslin cl ah, J. 
Sci. Fd Afrric., 1957, 8, 673 ; Rehm cl ah, ibid., 1957, 
8 , 679). 

The seed kernel (51';.. of seed wi.) contains (dry 
basis): crude protein, 39.88: fat, 48.41 : fibre, 1.89: 
pentosans, 2.24 ; reducing sug.'irs. 3.61 ; and ash. 
4.77 : the ash contains c. 25",. P.jO,. Ripe seeds 
yield 19.9'V, of a clear light brown oil with the follow- 
ing characteristics: //‘* , 1.4681; sap. val., 188.5: 
iod. val. (Wijs), 95.7 : free fatty acids (as oleic), i.iV" i 
and unsapon. matter, i.oVm. The component fatty 
acids of the oil are: saturated, 24.13: oleic. 38.78 ; 
and linoleic, 37.09"/. (A^driaens, 292 : .Wehmer, II, 
1 195 : Chakraharty cl ah, Nalurwisscnscliaftcn, 1955, 
42 , 344). 

The leaves of the plant are used as poultice in 
haemorrhoids, lepros) and splenitis ; the juice of 
fresh leaves is reported to be useful in granular 
conjunctivitis in children. A decoction of the leaves 
is used in Java for uraemia and amenorrhoea. Ripe 
seeds are bitter ; they are reputed to possess emetic 
and purgative properties. The seed oil and cake 
are toxic. The cake is rich in nitrogen and phos- 
phorus and may be used as manure (Kirt. & 
Basil, 11 , 1122; Burkill, 11 , 1371 : Porterfield, Econ. 
Hot., 1951, 5 , 3; Grewal tV Kochhar, Indian J. 
mcd. Res., 1943, 31 , 63 ; Btdl. imp. Insl., Loud., 1929, 
27 , Kxj). 
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Luffa acutangula (Linn.) Roxb. var. amara (Roxh.) 
C. B. Clarke 

D.K.R, V, 95: FI. Br. Ind., 11 , 615: Chakravarty, 
Rcc. hot. Surv. India, 1959, I 7 (i), 81. 

Sans. — Katukoshataki, tiklakoshalaki ; Hindi— 

Karvitori ; IIesc. Titodliundul, titotorai ; Mak. 
Ranturdi, kadudodaka ; Giij. — Kadvi^hlsodi ; Ti:i.. - 
Adavihira ; Tam. Rf\pirkam ; —Kaduhirc ; 

IVI AL. — A than^a. 

A fairly large climlier found in western, central 
and southern India, and regarded as the wild form 
of the cultivated sj)ccies. It resemhles L. acutangida 
in every respect, except that the leaves, llowers, fruits 
and seeds are smaller. Fruit ohovoid, lo-rihbed, 
obtusely conical at both ends, 5-10 cm. long and 
2.5-3.S cm. thick. The plant flowers towards the close 
of the rainy season and fruits during winter. 

All parts of the plant are exceedingly hitter. A 
crystalline bitter principle (yield, o.i2V<'»). identi- 
cal with ciiciirbitacin B, has been isolated from 
the seeds. The seeds yield 18.4% of a reddish hrown 
fatty oil with the following characteristics: sp. gr.*'*' \ 
0.91 3 1 : h|-;‘ , 1.4730: iod. val. (Hanus), 105.3; sap. 
val., 192.7 : acid val., 18.41 ; R.M. val., 0.26 ; Hehner 
val., 89.30; acet. val., 11.62: and unsapon. matter, 
1. 5V... The fatty acids present in the oil (saturated. 
19.34 • imsatiirated, 8o.3'’n) are palmitic, stearic, 
oleic, linoleic and a trace of lignoceric (Chaudhry 
ct aL, /. sci. indusir. Res., 1951, lOB, 26; Chaudhry 
& Halsall, Clicm. & lud., 1959, 1119; C.hem. Abstr., 
1953. 47 , 890). 

'The plant possesses laxative and purgative proper- 
ties and is reported to be useful in skin diseases and 
asthma. It is used as a diuretic and given in splenic 
enlargements. The dried fruit is powdered and used 
as snuff in jaundice. Seeds are considered emetic, 
expectorant and demulcent. Leaves are applied 
externally to sores in cattle (Kirt. & Basil, II, 1124; 
Koman. 1920, 6). 

L. cylindrica (Linn.) M. ). Roem. syii. /.. ac^yptiaca 
Mill. SpoNr.K(;ouKn, Vf.oktablk Sponok 

D.F.P., V, 96; FI. Br. Ind., II, 614; Chakravarty. 
Rcc. hot. Siirv. India, 1959, 17 (i), 75. 

Sans. Rajakosliataki, dirjrha patolika ; \ IiNui 
Cliiya tori ; Bkno. — Dhundal ; Mar.- Gliosali ; 

Cvj.—Turia ; Tel. Cutliibira ; Tam. — Mozhuku p-ir- 
kankai ; Kan. — Tuppahirckai ; Mat.. — Kallupnrhal. 

A large climber similar to L. acutanfrjtla in habit, 
but differing from it mainly in having five stamens 
in the flower and in the shape of fruit and seed. Fruit 
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FIG. 62 . LUFFA CYLINDRICA— FRUITS 

smooth, cylindrical, usually 20-50 cm. long, rarely 
reaching 250 cm. : seed narrowly winged, blackish. 

Spongegourd is said to be indigenous to India. 
Both edible and hitter forms are known and the 
former, said to have been evolved through cultiva- 
tion, is widely grown in all sub-tropical parts of the 
world. A large number of types adapted for cultiva- 
tion during different seasons arc known. Rusa Cliikni 
is rej)oried to he a good cropper maturing in 45 days 
and suitable for cultivation during spring as well as 
summer. A seedless variety with slender fruits is 
grown in Africa (Singli & Sikka, loc. cit. ; Dalziel, 61). 

The plant is cultivated in the same way as L. 
acnian^ida and is subject to the same diseases and 
pests (Singh Sikka, loc. cit. : Narayanan, loc. cit.). 

I'ender fruits of spongegourd arc used as vege- 
table. On maturing, the fibrovascular bundles harden 
and the j)ulp becomes bitter and inedible. Analysis 
of the edible part of the tender fruit gave the follow- 
ing values: moisture, 93.19; protein. 1.21; ether 
extr., 0.23 ; carbohydrates, 2.93 ; fibre, 1.95 ; and ash, 
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0.49',,: calcium, 36 mg.: |)hos|)horus, 19 mg.: and 
iron, 1. 1 mg./ 100 g. : caroic'nc (as vitamin A), 200 
i.ii. : iliiaminc. 17.55 ’ nljollavin, 65.17 /tg. : and 

niacin, 0.57 mg. ico g. : ascorbic acid, trace: the 
fruit contains cliolinc (choline chloride, 10.45 mg./g.) 
and |)hytiii. 'I1ie non-|)rotein nitrogen forms 23.5';,, 
of the' total nitrogen : the following free amino .acids 
have been identified : lysine, arginine, aspartic acid, 
givcinc, threonine, glutamic acid, alanine, trypto- 
phan. phenvlalanine and leucines (Porterliehi, Ec(tn. 
hoi., 1951, 5, 34: Rep. Drp. Nutr. Govt. Bo 7 nh(i\, 
1957, 24 : Winton <1^ Winton, II. 470 ; Ahmad c/ a!., 
Indian J. nicd. Res., 1953, 41, 441 : Kulkarni & 
Sohonie, il)id., 1956. 44, 511). 

Seed kernels (51'.. of the wt. of .seeds) contain: 
nitrogenous matter, 40.94 : fat, 45.72 : lihre, 2.89 : 
pentosans, 2.31: reducing sugars, 3.11: mineral 
matter, 4.75; and phosphorus (IV).-,), 1.83“,.. The oil 
obtained from the kernels is dark red in colour with 
a faint odour and agreeable taste : it has the follow- 
ing cliaracterislics : sp. gr.‘\ 0.9412; fr' , 1.4830: 
sap. val., 194.90 : iod. val., 106.4 : acid, val., 7.99 : 
acet. val., 17.95 * R M. val., 0.59 : Polenske val., 1.18 : 
and unsapon. matter. 1.2",.. The fatty acid composi- 
tion of the oil is as follows: palmitic. 9.58 : stearic, 
7.35 : oleic, 40.49 : and linoleic, ^2.58'',,. 'Fhe seeds 
contain a hitter crystalline substance, probably 
identical with cucurhilacin B. A crystalline saponin 
(tn.p. 271*^ decomp.) which on hydrolysis yields 
oleanolic acid, galactose, arahinose, xylose and rham- 
nose has been isolated | Adriaens, 292 : Wehmer, II, 
1196: Dal/iel, 60: Phadnis el al., J. Ufiiv. honihav, 
1948, I7A(24), 62 : Rangaswaini ^ Samhamurthy, 
Indian J. Pliarni., 1954, 16 , 325 : Knslin el al., J. Sci. 
Fd /1gr/c., h;57. 8 , 673 : Barua, Sci. & Cult., 1957 -58, 
23, i54|. 

Young leaves of the |)lant are used as pot-herb in 
Africa. A clear li(|uid, useful in respiratory com- 
plaints, is extracted in Japan from the stem by 
making incisions c. i in. above the ground. The 
tender fruit is considered diuretic and lactagogue. 
Ri, )e fruit is used in C'hina, after burning ;ind pulver- 
i/ing, as carminative and anthelmintic: : the juice of 
the fruit is purgative. Mature .seeds are hitter, emetic 
and cathartic. Phe seed oil may he used as a substi- 
tute for olive oil : it is said to he useful for skin 
affections. The hitter seed cake may he used as 
manure (Dalziel, 61 : Porterfield, Econ. hot., 1955, 9 , 
21 1 : Kirt. Basu, II, 1121). 

Loofah spoinrc The fihro-v.iscular network of the 
ripe fruit affords a sponge widely used for scrubbing 


and cleaning purposes. It is extracted on a commer- 
cial scale in japan and exported mainly to Germany, 
U.K. and U.S.A. During World War II, when 
supplies from Japan were unavailable, L. cylindrica 
was cultivated in S. American countries with a view 
to produce loofah sponge for U.S. markets. The cpia- 
lity of the product, however, was poor. Supplies from 
Japan to U.S. have since been resumed. Loofah sponge 
is produced in India and is reported to he of satisfac- 
tory cpialiiy (Porterfield, luon. hot., 1955, 9 , 21 1). 

For obtaining loofah sponge, cultivators in Japan 
train the vines over trellises so that the developing 
fruits are a.ssiired of maximum e.\])osure to sun : the 
fruits are prevented from being discoloured and dis- 
torted by contact with the ground. Side branches arc 
pruned at an early stage to encourage the growth of 
the main stem, and early male flowers and even 
female flowers are removed. About 20-25 fruits arc 
retained on each vine and they arc harvested at 
maturity as indicated by the yellowing of ha.se and 
apex. The average yield is reported to he 24 ,o(k) fruits 
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j)cr acre (I’ortcrficicl, Kcon. But., 1955, 9 , 21 1 : Ingram. 
Colon. PI. Anini. Prod., 1952 5^ 3 , 165). 

Harvested iriiiis are immersed in tanks oi' running 
water till the outer walls disintegrate and are re- 
moved. They are waslied to remove seeds and pulp 
clinging to lihres. Cleaned sponges are left exposed 
Tor itleaching and drying: they are further bleached 
with hydrogen pen)\ide, graded and packed into 
hales, 3 ft. X 2 ft. x iS in., for export. As the removal 
of seeds from dried gourds is a time consuming pro- 
cess, attempts have been made to produce fruits free 
of seeds, by application of growth substances like 
indoleacelic acid before pollination (Porterlield, hcoti. 
Bot., 1955, 9 , 211 : Ingram, loc. cii.). 

Loofah sponges are widely useil as hath s[)onges. 
'I’hey are useful for (leaning motor cars, glass- 
ware and kitchen utensils. 11iey possess fairly 
good shock and sound absorbing jjroperties : they 
liave been used in steel helmets and armoured vehi- 
cles in U.S.A. 'rhey are also used for stulling pillows, 
maiires.ses, saddles and shoulder pads. Loolah 
s])onges possess heat insulating |)roperties and are 
n.seful for making pot holders and table mats. C.om- 
hined with plaster and \arnished over, they make 
sound-proof and heat-proof wall hoarding. 1'hey are 
preferred as filters in marine steam engines and 
internal combustion engines anil used as sid)stiliites 
for cellulose sponges, turkish towelling and Spanish 
moss. They are a good source ol cellulose and have 
been tried as possible raw material for paper pulp 
(Porterfield. Eton. Bot., • 

Wehmer, ll, ik/)). 

L. echinata Roxb. 

D.E.P., V, (97 : FI. Br. Ind., II, 615: Cbakravarty. 
Rcc. hoi. Surv. India, i9<>9* I 7 (i). 77 : Kirt. & Basu, 

PI. 450. 


Sws. Ko.shal)tutla, dcvadalika ; Hindi Bkno. 
Bindal ; M.\h. — Dcvadali, dcvadanii^ari : (b’l. 
Kiiharavrl. 

A climber with a slender, slightly hairy, furrowed 
slem and 2-fid tendrils occurring wild in U.P.. Bihar, 
Bengal and Gujarat. Leaves orbicular reiiiform, 
obsciirelv 5-angled or more or less deejily 5-lobed : 
male peduncles normally paired, one being i -flower- 
ed and the other a long raieine of 5-12 flowers at 
apex : female flower solitary : fruit oblong or 
globose, c. 3 cm. long, not ribbed, clothed with 
ciliate bristles: .seeds many (c. iS), 5 mm. long. A 
variety of this plant, /... rr/iinala Koxb. var. /ougy- 
st\la Clarke syn. L. Ionovs! \la Ldgew.. is recorded 
from Banda: it differs from the type in having 
shorter male racemes and fewer bristles on the 

J'he fruit is intensely bitter aiul fibrous, ll 
has purgative properties. It is reported to he 
used for dro|)sv, nephritis, chronic bronchitis and 
lung complaints. An infusion of the fruit is 
given in hiliarv and intestinal colic : it is applied 
to the body in putrid fevers and jaundiie (Kirt. 

Basu. 11 , 1126: Nadkarni, 1 , 754 : Bhatt & 
Khorana, Indian ]. PItann., t(;<f7, 19 , 20S ; Duthie, 

I. 

The fruit contains a crystalline bitter princij)le, 
echinatin (m.p. 174" : yield, 0.33"..) and a saponin. 
The seeds yield it.i".. of a yellow or brownish red 
fatty oil with the following (haracteristics : sp. gr.‘’ . 
0.9157 : //“ . t.4725 : sap. val., 143.0 : acet. val., 27.3 : 
iod. val., 94.52: acid val., 63.c;6 : R.M. val., 1.95 ; 
Hehner* val., (^545: and unsapon. matter, 2.76“,'.. 
The oil consists of 25'!,. saturatecl and 75",, unsatiirat- 
ed acids (Bhatt & Khorana. Ic»c. cit. : Nigam cl al., 
Carr. Sci., 1949, 18 , 451). 
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L. gravcolens Roxh. 

M. Br. Ind., If, 614 ; Chakiavnriy. Sttrv. 

India, 1950, 17 (i), 74. 

A slender climber with 3- to 5-lid tendrils found 
in Bihar. Bengal, eastern Himalayas and vSikkim. 
Heaves 5-angled, reniform, orhiculate : flowers 
yellow : fruit beaked when young, ellipsoid or oblong 
when mature, covered wiib soft sjiines, dehiscing 
bori/omally near lop : seeds numerous, oval, com- 
pressed, black, 6 mm. long. 

riie seeds yield of a yellow or brownish red 

fally oil with the following characteristics: sp. gr.'* , 

0. 9594 : // •' , 1.4740 : sap. val., 197.2 : acet. val., 75.06 ; 
iod. val., 96.70; acid val., 47.75: R.M. val.. 3.32: 
Hebner val., 92.45; and unsapon. matter, 0.29%. 
The oil consists (d’ 20.78",', saturated and 79.22‘V, im- 
satiirated acids. The fruits contain a bitter principle 
(Nigam ci al., loc. cit. ; Webmer, IT, 1 196). 

LUISIA Gaudicb. (Orchidacrar) 

FI. Br. Ind., VI, 22. 

A small genus ol tufted epiphytic orchids distri- 
buted from tropical Asia to New Galedonia arul 
japan. About 20 species occur in India. 

/.. hracliystac/iys Bliime is a slender orchid found 
in tropical Himalayas in Garhwal and Kumaon up 
to 1,500 m., Khasi bills and Sundarbans. The plant 
is rei)orted to contain traces of an alkaloid (Webmer, 

1, 190). 

L. Inittifolia Blumc is a slender orchid found in 
western ghats from Konkan southwards to Kerala, 
Shevaroy bills and S. Arcot, ascendijig up to i,2(m) ni. 
1'be crushed plant is used as an emollient and 
ajtplied as |)oidii(e to boils, abscesses and tumours 
(Chains, J. Bombay nal. Hist. Soc., 1935 36, 38 , 796). 

Ij. irichorrhiza Bliime (Mindaki — Arajora) is a 
stout orchid found in tropical Himalayas in Carh- 
wal and Sikkim, Bihar and C'hota Nagpur. The plant 
is used in external applications for muscular pains 
(Bressers, 153). 

I.ukrabo Oil — see Hydnocarpus 

LUMNITZERA Willd. (Comhretaceae) 

A small genus of evergreen mangrove trees or 
shrubs distributed on the tropical coasts of the Old 
World and Polynesia. Two species are found in 
India. 

L. littorea Voigt syn. L. core it tea Wight & Am. 

I"i. Br. Ind., If, 452 ; FI. Malesiana, Ser. I, 4 ( 5 ), 
586, Fig. -^2. 


A small handsome tree found on the coastal 
regions of Andaman and Nicobar Islands. Bark 
reddish brown, rough, fissured, peeling off in flakes : 
leaves crowded at the ends of liranches, ohovate to 
oblanceolate : flowers in terminal racemes, scarlet ; 
fruit ellipsoid, somewhat corky. 

The wood is brownish grey with rose-like odour 
when fresh ; it is hard, heavy (wt., 54 Ib./cu. ft.), 
line' and straight-grained and fine-textured. It 
seasons well and is very durable. It is easy to work 
and finishes to a smooth surface, but is difficult to 
obtain in large pieces. In Malaya and Philippines, it 
is used for piles, posts, wharves, decks, canoes, ship- 
building, bridges, general construction, flooring, 
sleepers, furniture, cabinet work, axles of carts, tool 
bandies and as fuel (Brown, 1 , 70 : Rodger, 6 : 
Burkill, II, 1372-73). 

The leaves of the plant are reported to be used 
for sprue in Malaya. The bark (ontains ii.S",, tannin 
(Burkill, II, 1373 ; Webmer, II. S24). 

L. racemosa Willd. 

D.K.P., V, 97 : FI. Br. Ind., II, .192 ; FI. Malesiana, 
Ser. I, 4 (5), 588. 

Bk.xc . — Kripa : '1 ei.. — Kadivi, ifiandara : 'Tam. - - 
Tililyaralhai ; Mai.. — Katakkatilal ; Oriva — Tntida. 

A handsome shrub or a small tree found 
on the coasts of India and Andaman and Nico- 
bar Islands. Bark reddish brown, rough, exfoliat- 
ing in scales ; leaves crowded at the ends of 
branches, oblong-obovate or oblanceolate. flesliy : 
flowers in axillary racemes, small, mostly white, 
fragrant ; fruit oblong-ovoid, 1.25- 1.90 cm. long, 
woody. 

The wood (wt.. 52 57 Ib./cii. ft.) of L. racemosa is 
similar to that of G. littorea and can be |)Ul to the 
same uses, but is available in even smaller pieces. It 
is iKsed as fuel ; calorific value: safnvood — 5,137 cal., 
9,247 B.t.ti. ; heartwood — ^5,454 cal., 9,817 B.t.u. 
(Brown, 1946, III, 125 : Gamble, 348 : Burkill. 1 1 , 
1373 : Krishna Ik Ramaswami, Indian For. Hull., 

N. S., No. 79, 1932, 19). 

The leaves of the plant arc eaten in South Pacific 
Islands during periods of scarcity; they contain: 
moi.sture, 88.5 : nitrogen, 0.27 ; ether extr., 4.0 : 
reducing sugars, o.i ; starch, o.i ; fibre, 3.0 : and ash, 

O. 3%. The bark contains 15-19';', tannin ; leaves and 
wood contain smaller cpiantities. A fluiil obtained 
from incisions made in the stem is reported to be 
employed in external applications for herpes and 
itches [Peters, Qualil, Plant, Mat. Vcg., 1959, 5, 334; 
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Peters ct (iL, Food Res., 1960, 25 , 211 : Edwards ct ah, 
Indian For. Rcc. N. S., C/icni. & Minor For. Prod., 
1952, 1 (2), 152 ; Biirkill, II, 1373 ; yiiisuiiilniig, 654]. 

Lupine — see Lupinus 

LUPINUS I Ann. {I.e[rn 7 nino.sae) 

A large genus of annual and perennial herbs, 
soineiirnes suhsliruhs, eonlined mostly to North and 
South America, Europe and Africa. None of them 
have been recorded occurring wild in India. 

A few annual lupines are cultivated for green 
manure and forage, and also as food crops. These 
include L. albns (White Lupine), /.. angnstijolins 
and L. hirsutns (Blue Lupines) and /.. In lens (Yellow 
Lupine). They are indigenous to the Mediterranean 
region whence they have spread to many other 
countries (Hector, II, 777-7S ; Bailey, 1947, II, 1922 : 
Use of Leguminous Plants, 221 : Whyte el al., 

2S8-89). 

Several hi|)ines are poison()us to livestock and are 
re[)orted to he responsible for heavy losses, es|)ecially 
of sheep, in Europe and America. Poisoning is aliri- 
hiited to the presence of alkaloids, including r/- and 
/-lu|)anine (C,..IL,()No), lupinine (C,J I,,()N), and 
/-sparteine (C,.I L,..Na). Lupines containing a high 
percentage of toxic alkaloids are known as Bitter 
Lupines: they are usually cultivated for green 

manuring purposes. Lupine strains with low alka- 
loid content, Sweet Lupines as they are called, 

have been evolved and are cultivated as fodder or 
silage crops ; they are also grown for seeds (Chopra 
cl ah, 388: Steyn, 93-94: Manske Holmes, HI. 
123-26; Henson <!:v’ Stephens. Fairs' Pull. U.S. Del). 
Agric., No. 2114, 195''': Whyte el ah, 289; 

Robinson, 87). 

Several Lupinus species are grown in gardens as 
winter annuals for their showy llowers. 'fhey are 
suitable for borders, beddings, pot culture and cut 
llowers (Bailey, 1947, 11 , 1922 : Eirminger, 561-62 ; 
(h)palasw'amiengar, 444). 

L. albus Linn. Wiirn: Li pink 

D.E.P., V, 98 ; Bailey, 1949. 566. 

llixni — Turmas ; Bkno. -Tiinnuz. 

PuNjAB — T nr muz, zunnish. 

A herbaceous erect annual, 45-120 cm. high, native 
of Levant and extensively cultivated in the warmer 
parts of Europe for green manuring and lor seeds. 
It is grown in gardens in India. Leaves digitate: 
leaflets ohovatc-oldong : flowers white, in terminal 
racemes ; pods large, stout-beaked, hairy ; seeds 


nearly orbicular, compressed, whitish (Whyte el ah, 
289 ; Heclt>r, II, 779). 

I he seeds of /„. albus are valued as food and cattle 
feed and consumed after soaking in water to remove 
the toxic alkaloids. Analysis of seeds gave the follow- 
ing values: moisture, 10.96: ])rotein, 32.S1 : fat, 
8.88 : N-free extr. (including lihre), 44.73 ; sugars, 
6.33 : and ash, 2.62',’,. : mineral eonstituenls (dry 
basis): potassium, 0.75: calcium, 0.33: magnesium, 
0.28 ; sodium, o.oi : phosphorus, 0.25 : and iron, 
o.ni",,. 'I hey contain d- and ^//-lupanine and hydro- 
xylupanine (C^.l L.O.N.). 71 ie fatty oil from the 
seeds is edible after refining. Seedlings and stems 
are ricli sources of asparagine. The seeds are medi- 
cinal : they are considered deohstruent, alterative, 
antlieliiiintic and carminative (d’horpe, VII, 424 ; 
Chamberlain, E. Afr. agrie. ]., 195556, 21 , 103: 
Henry, 117, 13 1 : ('hem. /l/;.s 7 r., 1939. 33 , 6467 : 1953, 
47 , 1 1394 : Ea'ou. Pol., 1948, 2 , 219: ('hem. Abslr., 
»955' '6334). 
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The sweet strain o( /-. alhits is grown for fodder. 
Analysis of Ireslily cut plant gave the following 
values: dry matter. 12.9: organic matter, 10.8; 
protein, 2.S (digestihle protein, 2.4) : and iihre, 2.7‘j,, : 
starch e(|uiv., 7.S Ih./ioo Ih. (Whyte ct al., 289; 
Niiir. Ahsir. Rev., 1951-52, 21 , 749). 

L. angustifolius Linn. Hi At: Lipink 

Robinson, 84. 

A bushy annual, 60-90 cm. high, with spreading 
habit. Leaves digitately compound with lung, 
narrow leailets : Howers small, blue, in axillary 
racemes ; potis thick, stout containing 4-5 seeds ; 
seeds rountl or slightly kidneyshaped, plump, 
mottlefl, with hard .seed coat. 

L. (Ui^mtifoUus is a native of the Mediterranean 
region. It is extensively cultivated in Lurope, South 
Africa, Australia. New Zealand and U.S.A. for 
fodder and green manuring. It has been introduced 
into India as a green manure plant for potato crops 
in Nilgiris. In rotational trials for 3 years (1942-45, 
1944-45 and 1946-47) at the Agricultural Research 
Station, Nanjanad, the yields of potato due to blue 
lupine manuring showed respectively the following 
increa.ses per acre: 5,755, 2,966 and 2,850 Ih. Blue 
lupine also serves as cattle feed and provides an 
excellent cover against soil erosion ; it smothers weed 
growth (Whyte rt aL, 289 : Saptharishi, Madias 
agr 'u\ 1955, 42 , 486 : Madras afrric. ]., 1949, 

36 , 142). 

As a green manure crop, blue lupine is grown 
between successive crops of potatoes. In Nilgiris, 
three crops of potato are raised in a year and each 
of them receives green manure. Seeds are sown at 
the rale of 60-100 Ih. per acre in August, March- 
April and May June. The crop comes up (piickly 
and it is ploughed in, after 5-4 monriis, when in 
flower or just before flowering. A yield of 5-5 tons 
of green material is obtained per acre. Analysis ol 
the fresh plant gave the following values: N. f).98 : 
IV/) . i.iS : and K/), 0.55".. |Sastry et al., Indian J. 
vet. Sei., 1942. 12 , 219 : Saptharishi, loc. cit. : Madras 
a^rie. /., 1949, 36 , 142 : Saptharishi A/ariah. 
Indian N.S., 1956 57, 6 (12), 19I. 

When grown for .seeds, blue lupine takes seven 
months to mature from the time of sowing. The 
yield of seeds varies from 500 to 600 lb. per acre. 
Seeds of hitter blue lupine are used as cattle feed 
after freeing them from alkaloids : those of sweet 
blue lupines constitute a good substitute for hor.se 
gram and red gratn. fn the green .stage, they can 


replace peas : when dry, they may be used in place 
of dhal (Sastry et al., loc. cit. ; Madras a^ric. /., 1949, 
36 , 142). 

Analysis of bitie lupine seeds gave the following 
values: moisture, 15.81 ; protein, 50.98*. fat, 6.41; 
N-free extr., 54.92: fibre, 11.49: and ash, 2.39/,,. 
They contain lecithin, d-amino adipic acid and 
hipeose. The ash contains: K./), 51.90: Na^O, 0.81 ; 
CaO, 9.87 : MgO, 10.91 ; Ke./).,, 0.75 ; » 

S(^.,, 5.58 : SiOo, 0.54 ; and Cl, 0.59% (Winton & 
Winton, II. 504, 509 : Wehmer, 1 , 526 : Cheni. /l/;.s 7 r., 
1954, 48 , 10842). 

The seed proteins contain 2 globulins and an 
albumin. 'I he essential amino acids pre.sent in the 
two globulins are as follows: ^lohiilin-i (N, 17.10VC.) 
- threonine, 2.29 : valine, 5.50 ; /.vuleucinc, 5.95 ; 
leucine, 7.59 : phenylalanine, 4.85 : histidine, 2.50 : 
ly.sine, 4.52: and arginine, 15.41 glohtdin-z (N. 
18.19'*,,) — threonine, 5.68 : valine, 4.29 : methionine. 
0.50 ; /.soleucine, 5.59 : leucine, 8.44 : pheynlalanine 
5.54 : histidine, 5.05 ; lysine, 5.88 : arginine. 14.54 : 
and tryptophan. 1.62".,. The proteins have high 
digestibility value (90'’,,). They are deficient in 
methionine and their biological value is 55“,', 
(jouhurt, Binchini. bwl>li\s. Acta, 1955. 16 , 570 : 
(ierritsen, ibid., 1956, 22 , 269: Client. Ahsir., 1955, 
29 , 6969). 

'rbe seeds yield a dark brown, slow-drying fatty 
oil with bitter taste : the oil has the following 
characteristics: sp. gr.'’ , 0.9465: //J" , 1.4790: iod. 
val., 104 : sap. val., 185 : ac id val.. 28 : hydroxyl val., 
9.9 : and unsapon. matter, 8.0",,. The ('om|)oncnt 
fatty .acids of the oil are: saturated. lo.o ; oleic, 
47.5 : linoleic, 55.7 ; linolenic, 1.8 ; and an un.sattirat- 
ed CV..J acid, 7.0'',,. 'Lhe oil may he u.sed in the pre- 
paration T)f glyptals {('hem. / 1 /;.s 7 r., 1951, 45 , 98(^5: 
1952, 46 , (>858 : Piskur. /. Atner. Oil Cheni. Sne., 
1952. 29 , 187). 

The princ ipal alkaloid of the .seeds is cZ-lupanine : 
hydroxyl upanine is also jire.sent. Analysis of hitter 
seeds from C'oimbatore gave 0.86",, total alkaloids : 
higher values (up to 2.25",', cMupanine) have been 
reported in seeds grown in other countries. The 
alkaloid content of .seeds from a sweet strain, grown 
in Nanjanad, was 0.15'*,', : feeding trials on bullocks 
have shown that raw .seeds can be fed safely, up to 

5 lb. per day (body wt., c. 500 lb.) (Henry, 117: 
Wehmer, suppl., 122 : Sastry et al., loc. cit. : Gordon 

6 Henderson, J. a^ric. Sei., 1951. 41 , 141). 

Germinated blue lupine .seeds constitute a ricli 

source of a.sparagine. I'liey have been employed in 
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ciilmrc mcdiii In the connncrdal production of 
tuhcMciilin. For the extraction of asparagine, seeds 
are germinated for 12-20 days, and the juice pressed 
out from seedlings is concentrated in vacuo till cry- 
stals of asparagine begin to separate. Asparagine is 
purified by recrystallization from water ; kk) lb. of 
seeds yield 10-16 lb. of asparagine (Econ. Boi., 1948, 
2, 219). 

L. luteus Linn. Yellow Lupine 

Hailey, 1947, II, 1923, Fig. 2218. 

An erect annual herb, 30-60 cm. high, native of 
Mediterranean region and grown as green manure or 
fodder crop in FAirope, S. Africa and N. America. 
It is grown in gardens in India. Leaves compound: 
leaflets linear-lanceolate ; flowers yellow, whorled in 
long terminal racemes ; pods oblong, flat containing 
several large seeds. 

L. lulvus is toxic to grazing animals and is report- 
ed to have caused many deaths among sheep in 
India. All parts of the plant contain alkaloids : seeds 
contain lupinine (0.43-0.73%) and sparteine (0.20- 
0.37 J vegetative parts contain other alkaloids. 
Seeds are feebly cyanogenctic (Lander, 252 ; /. 
Phanu., Loud., 1955, ^'4' Thorpe, VII, 418; 

Wokes ^ Willimott, /. Pharni,, Ijmd.y 1951. 3, 905). 

Sweet strains containing very low percentages of 
alkaloids have been evolved and used for fodder and 
also silage. Analysis of fresh plant gave the following 
values: dry matter, 10.4: organic matter, 8.4: pro- 
tein, 2.3 (digestible protein, 2.0) : and fibre, 1.7% ; 
starch C(|uiv., 6.3 lb./ 100 lb. Seeds contain: dry 
matter, 88.9 ; protein, 39.8 ; far, 4.9 : N-free extr., 
25.7 : tibre, 14.0 : mineral matter, 4.5 ; calcium, 0.23 : 
phosphorus, 0.39: and potassium, 0.81: digestible 
|)roiein, 35.4 ; and total digestible nutrients. 76.9 ’n : 
nutritive ratio, 1.2. The fatty oil from the .seeds is 
edible after refining (Whyte cl al., 289 : Nutr. Ahslr, 
Rev., 1951-52, 2I9 749; Morrison, 495, 1056: dicm. 
Ahslr., 1939, 33, 6467). 

L. Iiirsuliis Linn, and L. niniahilis Sweet are 
annual herbs grown in Indian gardens. The latter is 
regarded as a minor food crop in Peru : the seeds 
contain 37.7".. protein. Sparteine is the principal 
alkaloid present in the seeds {Cltcni. /l/^s7r., 1946, 
40, 4156), 

Lupulin -r see Humulus 

*LUVUNGA Hucb.-llam. (Rulaccac) 

A small genus of woody climbers found in the 

* 'J'lic (orrt’ct iKiiiic for the jjriiiis, actordinje: tulcrii. 

Code But. Nonicnclatiire, should he Lavtoiga IVIeissii. 


Indo-Malayaii region. I'wo species are recorded from 
India. 


L. eleutherandra Dalz. (FI. Hr. Ind.) in part 
FI. Hr. Ind., I. 509 ; Talbot, I, 196, Fig. 120. 

A robust, climbing shrub with deficxed spines, 
found in the western part of Peninsular India, from 
Konkan .southwards to Anaimalai and Travancore 
hills up to an altitude of i,(:mk> m. It bears large, 
3-foliolate leaves and small, ellipsoid fruits with a 
rough peel. This species has often been confused 
with L. sarmoitosa (Hlume) Ktirz which occurs in 
Malaysia. The bark and leaves of this plant arc 
reported to be used, in Java, for aches and rheuma- 
tism. I'be .sap from the .stem is applied to gums for 
toothache (Swingle, in Webber Hatchelor, I, 250 ; 
Hurkill, II, 1374). 

L. scandens (Roxh.) Huch.-Ham. ex Wight 

FI. Hr. Ind., 1, 509 ; Swingle, in Webber Hatcbe- 
lor, I, 247 : Kirt. & Hasu, PI. 194. 

San.s. — Kakoli ; Hen-:;. — Lavangalaia, lavaii^aphal. 
A strong woody climber with recurved spines 
found in Assam and Khasi bills and extending east- 
wards. Leaves trifoliolatc : leaflets lanceolate, thickly 
coriaceous : flowers white, fragrant : fruit oblong, 
c. 25.0 mm. X 20.0 mm., yellowish, with smooth aro- 
matic peel and resinous, odoriferous pulp : .seeds 
I 3, ovoid. 

L. scandens is an ornamental plant worthy of 
cultivation in gardens for its conspicuous flowers. 
Flowers appear in hVhruary-April and fruits during 
August-Septemher. Dried fruits are available in 
Indian bazaars (particularly in Hengal) under the 
name Kakala or Sniratidlikokila and used for pre- 
paring a perfumed medicinal oil. Four coumarins 
have been i.solated from the pelrolemn ether extracts 
of mature fruits: the.se are: xanthotoxin (C,ollf,0,, 
m.p. 145'), xanthyletin (C,,H,.X);,. m.p. 128"), /5o- 
pimpinellin (C,., 1 1, „()... m-p- ’)• ‘tnd luvangetin 

(CV.ll|,(),, m.p. 108-9'). The coumarins are absent 
in unripe fruits. Mature fruits on steam-distillation 
yield 2.5% of a yellowish essential oil with the fol- 
lowing characteristics: sp. gr."'* , 0.945 ’ 'L) » J 

I*" : acid val., 1.93; and ester val., 102. The 
oil contains cinnamyl cinnamate, cineol, t/camphor 
and methyl cinnamate as the main components with 
small amounts of /-pinocamphone, /-fenchone, n- 
citral, /-fenchyl alcohol, geraniol, /-linalyl acetate, 
terpinolene, aromatleiulrene, d-limonene, a-d-|)inene, 
myreene and (i-t/-camphene. Three .sesipiitcrpene 
compounds, de.signated luvungene (C,.,IL,. h.p. 156- 
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58^/8 mm.). Iiiviingol (CiiHajO, h.p. i84-87°/8 mni.) 
and luvimgoiie b.p. 210-15^/5 mm.) have 

been identified in the oil (FI. Assam, I, 209 ; Bose & 
Mookerjee, /. Indian chem. Soc*., 1944, 2h 181 ; Baslas 
& Deshpande, ibid., 1950, 27 , 379 ; Baslas, Pcrfnm, 
cssent. Oil Rcc.y 1959, 50, 124). 

An essential oil reported to have been obtained 
from Sn»andhkokiia berries collected from Garbwal 

o 

has been recently examined. It differs from the oil 
derived from the berries of L. scandens found in 
Assam and eastern Himalayas in many of its charac- 
teristics. 'rhe berries obtained from Garbwal are 
reported to be brown and black, 0.6 -1.2 cm. diam. 
with wrinkled outer surface. Their identity with 
L. scandens is doubtful (Ilattiangdi & Nimbalkar, in 
Essential Oils & /lroi;/^///c Chemicals, A Sym[)osunn, 
Coim. Sci. & Industr. Res., New Delhi, 1958, 106). 

The .seeds yield 10% of a greenish coloured non- 
drying oil, which solidifies to a crystalline mass on 
keeping. I'he characteristics of the oil are as follows: 
solid, pt., 18.5°; d“" , 0.9285; , 1.4484; sap. 

val., 227.7 ; iod. val. (llanus), 2.93; acid val., 11.41 ; 
Hehiier val., 93.8 ; R. M. val., 1.98 ; and imsapon. 
matter, 1.52';.. ; fatty acid composition; lauric, 77.38 ; 
palmitic, 7.78; myristie, 6.23; capric, 3.14; stearic, 
3.0 ; oleic, 2.4 ; and caprylic, 0.07 (Baslas, hidian 
/. appL Chem., i960, 23 , 153). 

LUZULA DC. ( Juncaceae ) 

FI. Br. Ind., VI, 401 ; FI. Malesiana, Ser. I, 4(3), 
214. 

A large genus of perennial herbs, rarely annuals, 
distributed chiefly in the Old World. Four species 
occur in India. 

L. campestris DC. is an erect, slefider, tufted, 
perennial herb with creeping rootstock found in 
temperate and alpine Himalayas from Kashmir east- 
wards to Sikkim and Kha.si hills, and in Nilgiri, Palni 
and Anaimalai hills at altitudes of i,5(X)-4,2()o m. 
The rhi/.omes are reported to pi)sscss liiuretic proper- 
ties (Kirt. & Basil, IV, 2544). 

Lychee — ACC Litchi 

Lychnis Linn. {Carynph^llaceae) 

D.L.P., V, 98 ; FI. Br. Ind., I, 222. 

A genus of herbs distributed in the north 
temperate and arctic /ones and the mountains of 
South America. About 15 species are found in India ; 
a few exotics are cultivated in bill gardens. 

L . corotiaria Desr. ^Rosk Campion, Mullein Pink) 
is a white-woolly herb, 30 75 cm. high, with spathii- 


latc to oblong-lanceolate leaves and purplish or white 
flowers, commonly met with in Kashmir. A decoc- 
tion of the roots is used in Spain for liver and lung 
troubles and for the infraction of lymph glands of 
the mesentery (Caius, /. Bombay nat. Hist, Soc., 
'936- 37> 39, 564). 

L. indica Benth. is a dichotomously branched 
spreatling herb found in temperate Himalayas at 
altitudes of 1,650-3,000 m. The roots and leaves of 
the plant are used as a suhstitute for soap. 

L. chalcedonica Linn, and L. viscaria Linn, arc 
ornamental species cultivated in hill gardens for 
their beautiful scarlet flowers. The flowers yield a 
colouring matter which imparts a brilliant red when 
used with alum mordant. The roots contain a 
saponin (Firmingcr, 615 ; Kierstead, 87, 22 ; 

Wehiner, I, 305). 

L. githago (Linn.) Scop.-- A grostemma githago 
Linn. (Corn Cockle) is a pubescent herb, native of 
Europe, with linear-lanceolate leaves, red-purple 
flowers and black seeds about the si/e of wheat 
grains. As the .seeds sometimes get mixed with 
wheat, the plant has spread to various countries and 
has become a pernicious weed in wheat fields. 'Fhc 
seeds are poisonous to human beings and livestock, 
causing irritation of the alimentary tract, nervous 
troubles and loss of strength ; they j)rove fatal when 
consumed in a large amount. The poisonous princi- 
ple is a saponaceous glycoside. The jilant has been 
introduced into India along with imported wheat 
and, the need for checking its dispersal has become 
imperative (Chatterjee & Raizada. ffiduni Fmg, 1950, 
II, 226). 

LYCIUM I ^inn. (Solanaceae) 

D.K.P.,-V, 99; FI. Br. Ind., IV, 240. 

A genus of shrubs and trees distributed in the 
temperate and warm regions of the world. 'Three 
species are found in India. 

L. harbartnn Linn. (Mar. — Gangro ; Punjab — 
Kangu, ganger, chirchitta ; Delhi — Chirchitla, 
khatai, chirmethi ; Rajasthan— Mom// ; Saurashtra 
-Khichar) is a spinous shrub, up to 3 m. in height, 
found in Punjab, Rajastban, Gujarat and Saurasbtra. 
Leaves mostly in fascicles, very variable, linear- 
oblong to spathulate ; flowers solitary or iii fascicles, 
small, white or purplish ; berries bright red, c. 6 mm. 
in diam. The plant is poisonous to camels and live- 
stock. The leaves contain betaine, traces of a mydria- 
tic alkaloid and bydrocyanic acid. The fresh flower- 
ing plant is used as a diuretic in homoeopathy. 
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Berries are considered to possess aphrodisiac proper- 
ties ; they contain zea/anthin (Webb, RtilL Conn, 
set. iiiduslr. Res, Aust,, No. 232, 1948, 155 ; Chopra, 
1958, 546; Hocking, 131 ; Kirt. & Basil, III, 1781 ; 
Karrer & Jiicker, 76). 

[j. europactim Linn, is closely related to L. barha- 
rinn and has more or less the same distribution : it 
has l)ccn recorded also from Khasi lulls. Many 
atirhors have confused the two species : and the same 
vernacular names have been ascribed to them. The 
berries of L. europactim are eaten ; they contain 
ascorbic acid ; oxidases and peroxidases are present. 
The plant is browsed by camels and goats. Branches 
are used in the construction of wattled frames for 
the walls of huts (Clicm. Ahstr., 1948, 42 , 5510). 

L. ruthcniciim Murr. (Ladakh — Khvliar, khitsar) 
is a small thorny shrub fotind at high altit tides in 
north Kashmir. The pca-si/.ed fruits, wliich are deep 
reddish purple when ripe, are edible : they are sweet, 



FIG. 66. I.YCIUM EUROPAEUM— FLOWERING BRANCH 


but mawkish in flavour. The shrub contains an 
appreciable amount of alkaloids. It is reported to be 
useful for the treatment of blindness in camels (Kirt. 
& Basil, III, 1781 ; Clicm. Ahstr., 1941, 35 , 4154). 

Lycoperdon — see Fungi 

LYCOPERSICON Mill. (Solauaceac) 

A small genus of annual or short-lived perennial 
herbs, indigenous to the western regions of tropical 
South America. One species, L. csciilciitum, is culti- 
vated throughout the world for its edible fruits. 

The genus is divided into two sub-genera, Etily- 
copcrsicou C. H. Muller and Eriopcrsicon C. 11 .^ 
Muller. The former includes E. csculctilum (Culti- 
vated Tomato) and L. pitupincllifolium (Currant 
Tomato), both bearing red or yellow edible fruits. 
Eriopcrsicon includes five species which occur wild 
and bear small, green or whitish fruits of no econo- 
mic importance. All species of Lycopcrsicon have 12 
pairs of chromosomes in the pollen motlier cells 
(Hector, II, 1019-27 ; Muller, Atisc. Puhl. U.S. Dcp. 
/IgnV., No. 382, 1940, 8 ; Luckwill, 8, 27, 38, 40-42 : 
Lesley, Ecou. Bnt., 1948, 2, itx) : Singh c^ Pal, Sci. 
Cult., 1948-49, 14, 103; Plant Breed. Abstr., 1956, 
26, 2927, 2929). 

L. esculentum Mill. Tomato 

D.E.P., V, 100 : FI. Br. Ind., IV, 237. 

Ilt.vDi & Benc. — Tamatar, vilayithi baingdin ; 
Mar. — Vel vauffi ; Guj. — Vilayithi veugan : Ta.m. — 
Takkali. 

* 

An unarmed, spreading, puliesccnt herb with a 
strong characteristic odour and greyish green, 
curled, unevenly pinnate leaves, found cultivated 
throughout the world. Frtiits villose when young, 
glabrous and shining when mature : seeds flat, 
kidney-shaped and hairy. The shape and size of the 
fruits and the thickness of pericarp vary in the 
tuimerous types under cultivation. 

L. esculcutum is more a cultigen than a natural 
species. By cultivation, selection and probably hybri- 
dization, its characters have been changed so much 
that its wild form is diflicult to recognize. Based on 
certain botanical features, four sub-species are recog- 
nized: viz. typicus, galeni, humbokltii and m/rr- 
wedium. The cultivated tomato is a derivative of 
iypicus, which includes five varieties, viz. var. com- 
m title Bailey (Common Tomato), var. cerasi forme 
A. Gray (Cherry Tomato), var. grandifolium Bailey 
(Large-leaved I'omato), var. pyriforme Alef. (Pear 
'fomato) and var. validum Bailey (Upright Tomato). 
Var. cerasiforme is considered to be the form from 
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I.A.R,l., New Delhi 

FIG. 67. LYCOPERSICON BSCULENTUM IPUSA RUBYj 
-FRUITING BRANCH 


which cultivated types have probably arisen as 
hybrids with other species (Muller, Misc, PuhL 
U.S, Dep, Agric,, No. 382, 1940, 12-15; Luckwill, 
16-26). 

Var. ixrasiforvic is characterized by pentamerous 
flowers and small, smooth, spherical, bilocular fruits, 
whereas the commonly cultivated tomato, now 
assigned to var. commune, has hexameroiis flowers 
and multilocular fruits. It has been postulated that 
this condition has been derived by fasciation, first 
among the domesticated types of var. cerasiformc in 
Mexico and again by reverse mutation among forms 
cultivated in Kiirope (Jenkins, Econ. Hot., 1948, 2, 
379 ; Luckwill, 25 ; Muller, loc. cit.). 

Numerous types of tomatoes are grown in various 
countries. They are mostly evolved by pure-line 
selection as well as by hybridization and recom- 
mended for their adaptability and performance 
under local conditions. Cross-breeding between 
dillereni species has been employed to yield types 


tolerant or resistant to heat or cold and specific 
diseases, and showing adaptability to various processes 
of utilization. In recent years, efforts arc being made 
to exploit hybrid vigour to obtain high yields of 
crops. Intergcneric grafting or vegetative hybridiza- 
tion has also been attempted in U.S.S.R, Thus 
tomato has been grafted on potato, tobacco, Solanum 
spp. and tree tomato [Cyphomandia bclacca), A 
graft generation obtained as a result .of grafting on 
Cyphomandra has proved to be virus-resistant and 
capable of bearing crops for three years ; it bears 
large fruits with high sugar content and good keep- 
ing (juality. Grafting on Solanum stramoni folium 
Jac(]. syn. S, demerarense Dem. and 5. juripeha Rich, 
has yielded plants which arc wilt-resistant ; this 
method is rejiorted to be adopted by truck gardeners 
in Trinidad (Singh & Pal, Sci. & Cull., 1948-49, 14, 
103 ; Yearb. Agric, U.S. Dcp. Agric., 1937, 123, 
176-87 ; Singh, Bull, Indian Coun. agric. Res., No. 
76; Lesley, Ecofi. Bot., 1948, 2, kk) ; Allcrton, 175; 
Genders, 13-14; Hort. j^bstr., 1950, 20, 1693; 1955, 
25, 2943; 1953, 23, 1944; Plant Breed. Abstr., 1957, 
‘593 J Madramootoo, Trop. Agriculture, Trin., 
i957»H65). 

The cultivation of tomato on a commercial scale 
in India began towards the close of the last century. 
It has now become a popular vegetable and is culti- 
vated extensively, particularly in the vicinity of large 
towns and cities. Exact data on the acreage and pro- 
duction of tomatoes in India are not available. 
Table i lists the more important types grown in 
India and their characteristics. 

CuL'nvA'noN 

Climate — ^Thc tomato plant rc(juires a warm 
growing Reason with jilenty of sunshine and ade- 
(juate moisture. It does not tolerate frost. It can be 
cultivated under irrigation in arid tropics, but hot 
and dry or hot and humid months arc not favour- 
able for its growth. High humidity with high 
temperature renders the plant susceptible to foliage 
diseases. For the proper development of colour in the 
fruit, warm sunny (lays and moderately cool nights 
arc necessary [Singh & Sikka, Indian Fmg, N.S., 
1955-56, 5(3), 18 ; Purcwal, 61 ; Thompson & Kelly, 

474]- 

Soil — A well-drained, light, fertile loamy soil, with 
a fair capacity to hold moisture is best suited for 
tomato. For early creeps sandy loam is more suitable. 

Propagation — ^Thc plant is propagated mostly by 
seeds, though vegetative propagation is also possible. 
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TABI£ 1— CHARACTERISTICS OF SOME IMPORTANT TOMATO TYPES GROWN IN INDIA* 


Type 


Fruit Characteristics 


Agricultural Characteristics 


Sioux 


Improved Meeruti 


Fruit large (av. wt., 4 oz.), roundish, uniform- 
ly bright red, sub-acid, with large central 
fleshy core 

Fruit medium-sized (av. wt., 2 oz.), flatfish, 
slightly furrowed, bright red, acidic ; suitable 
for stewing; good keeping quality 


Plant medium-sized, open habit; early ripening: 
autumn crop takes 100 davs to mature and spring 
crop, 160 flays; heavy yielding (up to 5.‘?0 ind./acre) 

Semi-dwarf, erect when young, profusely branching ; 
suitable for autumn and spring crops ; hardy ; 
suffers less from virus diseases than local types 


Pusa Ruby Fruit tncdium-si/cd, uniformly red, with siib- 

(Sioux X Improved Meerut i) acid flavour; good keeping quality 


Early ty|>c: autumn crop takes 60 davs to mature 
and spring crop, 120 days ; high yielding (4S7 nid./ 
acre) ; less susceptible to virus than local types ; 
tolerant to adverse weatlier conditions 


Pusa Red Plum (Hybrid-6) Fruit small (av. wt.. 0.4 oz.). rich red, sweet 

{L. esculentum x /-. pitn- (up to 5% sugar) atu' rich in vitamin C 

jnnellifolium) (50 60 mg./ 1 00 g.) 


Large Red (T-15) 


Fruit medium-si/ed, corrugated and pressed, 
red, non-acidic 


Rest of All (T-20) Fruit medium -si zed, round and deep red 

Bonny Best (T-28) Fruit niediuiii-sized, routul «)r oblate, deep 

red, slightly acidic ; t racking and scalding 
of fruits common 


Marglobe 

Ponderosa 


Fruit medium- or big-si/ed, round, bright 
red ; considered good for canning in U.S.A. 

Fruit big-sized, purplish pink, fleshy with 
very few scc«ls 


Semi-cliinbing, suitable for autumn crop ; resistant 
to virus ; yields up to I.SO md./acre ; suitable for 
soils of medium fertility ; staking of plants essential 

Mid-season type, takes 128 days to mature; medium 
tall, luxuriant growth ; heavy yielding ; fairly re- 
sistant to frost ; suitable for both autumn and 
spring crops 

Mid-seasfui type, lakes 121 days to mature; medium 
tall, moderate growth ; heavy yielding 

Mid-season type, takes 122 days to mature; tall, 
moderate growth ; very heavy yielding ; suitable for 
autumn and spring crops ; j)oor resistance to frost 
and susceptible to heat ; earlv maturing in Kerala 

Semi-erect, self pruning, heavy yielding; tolerant 
to fusarium will 


Oxheart 

King Humbert 

Pritchard 

Pearson 

Prosf)erity 

*Purewal, 63 
Bhagchandani, 
Imlian /. Horl, 


Fruit large, heart-shaped, pinkish red, fleshy, 
fetv seeded with pleasant flavour 

Fruit pear shaped, scarlet, small, fleshy 

Fruit globose, medium-sized, bright red 

Fruit medium-sized, flattened globe, bright 
scarlet red 

Fruit medium sized, round, in f lusters 


Best suited for hot season 

Somewhat resistant to fusarium will 

Tolerant to a wide range fif temperatures ; useful 
ff)r exleiuling period f»f summer crop 

Ripening later than Sioux ; suitable for autumn crop 


; Singh, Bull. Indian Cotw. afiric. Res., No. 76, 1956; Singh & Sikka, Indian Fnig, N,S., 1955 -56, 5(3), 18; Singh & 
ibid., 1956-57, 6(7), 28; Nambiar, Bidl. Indian Cmon. Comm., 1956 57, 10, 158; Gopalaswamietigar, 548 ; Pal et al., 
., 1956. 13 , 64; Singh. Indian Fm^, N.S., 1953-54, 3(3), KM); Boswell, Yearh. /Igr/c. U.S. Pep. /Igric., 1937, 344-46. 


Tomato seeds are small {Sioux, 9,600 secds/oz. ; 
Improved Mccruii, 12,800 sceds/oz. ; and Pusa Red 
Plum, 13,700 secds/oz.) and when well dried and 
stored in air-tight containers, they retain their viabi- 
lity for 3-4 years. For seed collection, the crop is 
carefully examined, rogue or off-type plants as well 
as diseased ones are pulled out and selected fruits 
allowed to ripen on the plant. The contents of ripe 
fruits arc squeezed out and fermented for 2-5 days 
when the seeds settle down ; they are dried in sun 
or shade and stored in air-tight containers. Seeds 
may also be freed from pulp by the addition of dilute 
hydrochloric acid or washing soda. Seeds extracted 
by acid treatment possess a bright colour and show 
consistently high germination. The yield of seeds 


varies with the type of tomato. Some types like 
Sioux are comparatively less seedy and yield one oz. 
of secds/20 lb. of fruits, while Pusa Red Plum yields 
one ounce of seeds/5 lb. of fruits |Naik, 1958, 130 ; 
Chem. Ahstr,, 1951. 45 , 2066 ; Purcwal, 61-62 ; Singh 
& Sikka, Indian Fmg, N,S,, 1955-56, 5(3), 18 : Roy 
Choiidhiiry, Indian Hurt., 1957-58, 2 (i), 5]. 

Seeds arc usually sown in nursery beds or boxes 
and seedlings transplanted in the field ; seeds may 
also be sown directly in the field and seedlings 
thinned as desired. 

Seedlings raised during the hot and humid season 
are sometimes affected by soil-borne fungi which 
cause damping off or black leg. To prevent this, 
treatment of soil with formaldehyde (in the form of 
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dust or solution) or with a solution of copper sul- 
phate, potassium permanganate or mercuric chloride 
is recommended ; treatment with Ceresan or copper 
oxide is also reported to he effective [Singh & Sikka, 
Indian Fnig, N.S., 1955-56. 5(3), 18: Allerton, 40; 
Purewal, 94 ; Chartopadhyaya, Sci. Cult,, 1951-52, 
17 , 37 : Singh & Srivastava, /. Indian Iwl. Soc,, 1953, 
32, I : Gattani & Kaul, Indian Pli\topal/i., 1951, 

4, 

In India, tomatoes can he grown nearly through- 
out the year, since favourable climatic conditions are 
available in one part or another. In the hills, seeds 
are sown from about the middle of March to the 
middle of May or June. In the plains, three crops 
are raised, two early crops and a main crop : seeds 
are sown in June-Aiigusi for the firsi crop, August 
-October for the second crop and October- Novem- 
ber for the third crop. In Malabar, where the 
tomato is grown as a catch crop in young cocount 
plantations, seeds are sown in September and seed- 
lings transplanted in October. One ounce of seeds 
gives enough .seedlings to plant an acre ; a higher 
seed rate is usually employed to offset seedling losses 
in the nursery and in the field. Seeds take 7-10 days 
to germinate and seedlings are ready for transplant- 
ing in 4 6 weeks : a slightly longer period is necessary 
in winter. By judicious adjustment of water supply 
in the nursery, seedlings arc hardened to withstand 
the change of conditions when transplanted. Addition 
of potash (12%) is stated to promote hardening of 
seedlings and produce firmer and stiffer stems. Spray- 
ing with lo"’,, sugar .solution .several days before 
pulling the seedlings is reported to improve the 
survival rate and ])romote the growth of plants 
[Naik, 1958, 130: Purewal, 61-62: Singh & Sikka, 
Indian Fmg, N.S„ 1955-56, 5(3), 18 : Nainhiar. Bull. 
Indian Cocon. Comm., 1956-57, 10 , 158 : Biol. Ahstr., 
1949, 23, 3015; Work, 331 1. 

Seedlings arc transplanted on flat beds or on the 
sides of raised beds ; the latter method is preferred 
.since it prevents the lower trusses of fruits from con- 
tact witli moist .soil. In hilly areas, staking is done 
when the plants are 9-15 in. high. As a general rule, 
more space is allowed between rows than between 
individual plants in a row. Suggested spacings arc 
5 ft. X 2^2 ft., 4 ft. X 2 ft., 3 ft. X 2 ft. and 2 ft. x i ft. 
A spacing of 4 ft. x 2 ft. is recommended for Marglobe 
crop in Bihar. Oblique planting of seedlings favours 
the development of a large root system with corres- 
ponding increase in yield [Singh & Sikka, Indian 
Fmg, N.S., 1955-56. 5(3), 18 ; Purewal, 62 ; Thomp- 


son & Kelly, 48 ; Roy et ai, Indian /. Hort., 1954, 
II, 13 1 ; I lor I . Abstr., 1952, 22, 603]. 

Manuring- -lAhcrsA manuring is necessary to 
ensure good yields. Farmyanl manure is usually 
applied to the soil at the rate of 15-20 cartloads per 
acre, .several weeks before sowing. Green manuring 
with crops like sannhemp [Crotalaria juncca), cow- 
pea (l^igna caljang), dhaincha (Scsbania aculeata), 
velvet bean (Mucuna decrvigianum) or guar [Cya- 
mopsis tciragonoloba) may he substituted for farm- 
yard manure ; the application of 150 Ih. of .super- 
phosphate per acre to the green manure crop before 
.sowing and addition of 50 lb. nitrogen per acre after 
the crop is ploughed in, are reported to give the best 
results. Top dres.sing with 800 Ih. of groundnut cake 
and 200 Ih. of ammonium sulphate per acre, applied 
in two equal tlo.ses, has a beneficial effect botli on 
yield as well as .size of fruit. 

‘Starter' solutions, prepared by dissolving a suit- 
able soluble fertilizer in waicr, may be applied at 
the time of planting to stimulate early growth. 
Boron and zinc in minute (]iiantities have a bene- 
ficial effect on the yield as well as the carbohydrate 
and vitamin C contents of fruits : zinc is reported 
to shorten the period of maturation. Deficiency of 
potassium in the soil leads to the production of 
blotchy fruits. Excess of nitrogen favours vegetative 
growth but fruit-setting is affected and the fruits 
produced tend to he puffy [Singh & Sikka, Indian 
Fmg, N.S., 1955-56, 5(3), 18 ; Purewal, 61 : Naik, 
[958, 130 : Thompson & Kelly, 475-77 : (hnindan, 
Curr. Sci., 1950, !9, 319 ; 1952, 21, 14, 15 ; Sci. 
& Cult., *953 54 « 1^9 46 : Bull. Minisl. Agric., 
Land., No. 77, 1950, 24; Biol. Abslr., 1950. 24,- 
.'^526]. 

Tomato requires irrigation at intervals of a week 
or more under dry conditions and during the frost 
sca.son. Excessive moisture, however, favours vegeta- 
tive growth and hlo.s.som-drop. Heavy irrigation after 
a prolonged dry period results in the cracking of 
fruits. Late irrigation renders the fruits watery 
[Singh & Sikka, Indian Fmg, N.S., 1955-56, 5(3), 18 ; 
Purewal, 62 [. 

Pruning & Training — Tomato types with indeter- 
minate habit have to be pruned to one or two stems 
and trained on stakes. Axillary shoots should be 
removed once every week leaving a few well placed 
lateral branches and growing tips pinched off when 
the plants arc c. 6 ft. tall. The advantages claimed 
for pruning and training arc: le.ss injury from foli- 
age and .soil-borne disea.ses, larger and cleaner fruits 
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and earlier harvests (Percy Lancaster, Indian Fnifr, 
1940, 1 , 32^; Thompson & Kelly, 481-84). 

Hydroponics — ^Tomato lends itself to ‘soilless culti- 
vation’, the plants being fed on solutions of fertili/er 
salts containing all the elements necessary for 
healthy growth. The nursery is raised in piire sand 
and plants are transplanted into troughs of wood, 
bricks, stones, asphalt mats or mud plaster provided 
with inlet and drainage holes and filled to a depth 
of 8 in. with coarse mineral aggregate, preferably a 
mixture of five parts of rock chippings, gravel or 
cinders and two parts of sand. Irrigation is provided 
through inlet pipes taking care to see that tlic grow- 
ing medium is nor kept too wet as this would suffo- 
cate the plants and kill them. A fertilizer mixture 
coiifaining all nutrient elements in the re([iiired 
amounts is sprinkled over the troughs once a week 
or ten days, the (|uantity of mixture depending upon 
the area of the trough, and this is washed down 
immediately with a light spray of water. Yields as 
liigh as 24 Ih. of tomatoes per plant arc reported to 
have been obtained by this method | Douglas, 
75 -i(k; ; Douglas, Gdti /., N,Y., 1955, 5, 108 ; Loads, 
154-64 : Kumar & Lall, /. sci. Res. Banaras Hindti 
Ihiiv., 1955-56, 6(1), io|. 

Diseases Comparatively few diseases of 

tomato have been recorded in India. Damping off of 
seedlings in the nursery is caused by one or more 
fungi, e.g. Fythiinn aphaniderjuatnm (Edg.) Fitz., 
P. indicum Balakrishnan and Phylophthora parasi- 
tica Dastur. Control measures include soil and seed- 
treatment by suitable fungicides. 

FuvSariiim wilt is common in crops transplanted 
during Jime-Jiily. The attack begins with the oldest 
lea\es and the entire plant is affected in course of 
time. The fungus is active at a temperature range 
of 80- -90°, persists in the soil for many years and 
infects plants through roots. Infection is carried to 
clean fields by planting iliseascd seedlings, by drain- 
age water, farm implements or other agency that 
brings soil from the infected fields. Wilted plants 
should he pulled out and destroyed. The only way 
of preventing wilt is to grow resistant varieties. 
Some types, like Sioux and Mar^lohc, are resistant 
to wilt. 

Fruits trailing on soil may be attacked by a soil- 
borne fungus, Rhizoctonia solani Kuhn, which 
causes fruit rot, characterized by black circular 
areas on the fruit. Keeping the fruits away from the 
soil helps to check the spread of the disease. Other 
fungal diseases of tomato are: leaf spot (Cercospora 


fidi^era Rolden), leaf moidd {Cladnsporiuin fidvuni 
C’ke.), blight \Pliytoplit/iora injestans (Mom.) de 
Bary|, buck eye rot \Phytophthora parasitica l^astuii 
and soft rot {Oospera lactus parasitica). Spraying 
with Bordeaux mixture is recommended for control- 
ling leaf spot, leaf mould, blight, fruit rot and soft 
rot. The application of commercial formulations of 
streptomycin, like Agrimycin, Phytomycin or Agri- 
step, to foliage (kk) p.p.ni. in water) is said to act 
as a j)reveniive to blight. A bacterial canker \Coryne- 
bacterium fuichifratietise (F. F. Smith) Jensen| has 
been reported to infect plant tissues, fruits and seeds 
I Butler & Jones, 664-66 ; Singh &i Sikka, Indian 
Fniir, N.S.. 1955-56, 5(3), 18 : Gattani &: Kaul, Indian 
Phytopath., 1951, 4 , 156: Varma, ]. Indian hot. Soc., 
1954. 33, 43 : Doolittle, Yearh. Airric. U.S. Dep. 
/IgnV., 1953, 454 : Boswell, ibid., 1937, 185 : Doolittle, 
Phytopathology, 1954, 44 , 409 : Joshi ik Saxena, Sci. 

Ctdt., 1956-57, 22 , 682 : Indian J. agric. Sci., 1950, 
20 , 107 : Mem. Dep. Agric. Madras, No. 36, 1954, 
1182; Jain, Sci. & (hilt., 1955-56, 21 , 42: 1951-52, 
17 , 46 : Pakist. J. Sci.^ 1956, 8 , 194]. 

The crop is subject to various types of virus 
diseases, like mosaic, necrosis, streak, leaf-roll, 
bunchy top and leaf curl. Some of the diseases are 
seed-borne and some arc spread by insects, like the 
white lly {Beniisia gossypiperda M. Th.), grasshoppers 
and aphids, which feed on the leaves of diseased 
tomato or other solanaccous plants : even unrelated 
crops like cucumber and some perennial weeds serve 
as alternate hosts. The diseases are sap-transmissible 
and in some cases they are .so infectious that .simple 
contact with diseased plants spreads the virus. The 
use of seeds from virus-free ])lants is recommended. 
Seed extracted from fruits by acid treatment is pre- 
ferable, as it eliminates virus contamination. Suitable 
measures of sanitation must be followed to prevent 
infection both in the seedbed and in the field by 
regular use of insecticides. Infected plants in the 
nursery should be rogued and destroyed. The best 
means of control consists in preventing infection in 
.seedling plants, thus delaying the appearance of 
disease until the crop is well started. It has l)een 
reported that crops raised late in tlie .season are less 
liable to virus infection : close planting of crop is 
recommended to off.set the decline in yield in late 
plantings [Vasudeva & Lai, Indian Fnig, 1947, 8 , 
183 : Butler & Jones, 680-89 • Vasudeva & Sam Raj, 
Phytopathology y 1948, 38, 364 ; Chatto|)adhyay & 
Das, Bull. hot. Soc. Reng., 1955, 9 , 42 : Chamberlain 
& Fry, N. Z. J. Sci. Techno)., 1950-51, 32A(2), 19; 
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Doolittle, Yfarh. /ItjrtV. f/.S. D< 7 >. A^ric., 1953, 
458, 462I. 

Tomato seedlings are sometimes attacked in the 
nursery l)y an K{)il(n'hna beetle. Hand-picking of 
egg clusters, grubs and adults as well as dusting with 
arsenates or DDT are recommended as control 
measures. Tomato plants in the flow^ering stage are 
often attacked by the tobacco caterpillar {Prodenia 
litum F.) and gram caterpillar (Hrliotliia obsoleta F.). 
Tender parts of the plant get defoliated and cater- 
pillars bore into ripening fruits. The caterpillars may 
be eliminated by hand-picking and affected fruits 
are removed. Spraying the crop with o.i% DDT or 
0.02% Kndrin is reported to bring down infestation. 
I'wo species of fruit moths, Opliiderrs materna L. 
and O. fullonica L., attack the fruits and suck the 
juice. The pest can be controlled by eradicating the 
host plant of the larvae, Tinospnra sp. [Singh & 
Sikka, Indian Fni^, N,S., 1955 56, 5(3), iS ; Rama- 
krishna Ayyar, 279 80 ; Srinivasan cl ah, Indian 
Hart., 1958-59, 3(3), 7 ; Cherian & Sundaram, Madras 
afrric. y., 1936, 24 , 360 1 . 

Fruit-setting-- Cool wet w^eather, particularly low 
night temperatures, when dowsers arc c(uning to 
maturity, greatly diminish natural fruit-set. Hot dry 
w inds and low humidity cause blossoms to drop. Polli- 
nation is mostly by .selHng : in periods of hot weather, 
however, the styles ekmgate abnormally before 
flow'ers open and such flowers seldom set fruit. 

Plant growth regulators, c.g. / 3 -naphthoxy acetic 
acid, o-chlorophenoxy acetic acid, /)-chlorophenoxy 
acetic acid, and y-(indole-3)-butyric acid have been 
employed with some advantage to improve fruit-set. 
If the regulators are applied in proper concentrations 
at the proper stage in the development of the flower, 
the ovary develops parthenocarpically into a seedless 
fruit which is almost normal in outw^ard appearance. 
Hormones increase early yield by shortening the 
period from blossom to fruit-setting and are most 
elfcetive during the cool season when the night 
temperatures fall below 59-6o”F. If seedless fruits 
arc desired, flowers should be sprayed just before 
they open. Too early spraying may result in a 
decrease of fruit-set as well as a reduction in the 
size of fruit. Spraying 3-4 days after the flowers open 
increases fruit-set and fruit size, but the fruits con- 
tain more seeds than those treated before the flowers 
open. Under greenhouse conditions, where natural 
pollination is sometimes adversely affected, the 
necessary stimulus can he provided for fruit-setting 
by suitable hormone treatment. But under condi- 


tions favourable to high natural fruit-setting, hor- 
mone treatment offers little advantage, except in 
obtaining improved yields in the early part of 
the season and thus securing favourable prices ; also 
the absence of seeds is of some advantage in the 
manufacture of tomato sauce. If not used in proper 
concentrations or in the proper way, hormones bring 
about undesirable effects, such as inhibition of flower 
buds, deformation and hollowness of fruits and de- 
formed foliage [Thompson & Kelly, 885^86 ; Audiis, 
139-51, 386 ; Kerr, Canad, J. a^rie. ^ci,, 1955, .V>o ; 
Randhawa, Indian /. Hart,, 1951, 8(4), 21 : 1956, 13 (i), 
20; Venkataratnam, Indian Fmg, 1950, 11 , 191 : 
Singh & Kacker, Indian /. Hart., 1952, 9(4), 25]. 

Harvesting Yield — Tomatoes are harvested at 

different stages of maturity depending upon the 
purpose for which they are re(|uircd. Several stages 
of maturity are recognized: mature green fruits are 
those which have not begun to turn pink, while 
those classed as turning show' some pink at the 
blossom end ; half-ripe fruits show pink colour over 
most or all of the surface : ripe or red-ripe fruits are 
those that have developed the fid I colour peculiar to 
the type but arc. at the same time, firm. Ripe fruits 
can ])rofitably he picked if the market is close by. 
For transport to distant places, fruits at the half-ripe 
stage arc harvested : they develop normal colour in 
3-7 days. I'ruits for canning or for juice extraction 
are harvested when 
processed soon after. 

Tomatoes are harvested twice a week when the 
plants are about 3 months old. fi'ruiting may con- 
tinue for a period of one or two months depending 
upon the soil and climatic conditions and the type 
grown. On an average 8,000-10,000 lb. of fruits per 
acre are obtained. In small scale trials with improved 
types, yields varying from 25,o(X) to 4o,(X)o lb. per 
acre have been recorded. When grown in soilless units 
(hydroponics) in West Bengal, an average yield of 
24 lb. of fruits per plant has been recorded, while 
under ordinary field conditions the yield ranges 
from 5 to 10 11 ). per plant [Singh, Indian Fmg, NS„ 
1953-54, 3(3), 10 : Singh & Sikka, ibid., 1955 -56. 
5(3), 18 ; Singh & Bhagchandani, ibid., 1956-57, 6(7), 
28 : Singh & Pal. Sci, & Cult,, 1948 49, 14 , 103 ; 
Naik, 1958, 130; Douglas, Farmery 1957, 8(1), 19I. 

Storage & Transport — Mature green tomatoes can 
be kept in storage as long as 3-4 weeks at 55-60°!^., 
while ripe tomatoes can he kept for 7 10 days at 
40-45° F., and a relative humidity of 85-90%. 
Tomatoes should not be stored at temperatures below 


they reach the ripe stage and 
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40® l‘^., since they show a tendency to Ineak down. 
l^Viiirs pickc(i in the mature green stage can he 
ripened satisfactorily with the development of 
attractive red colour hy storing at 60-70" F. (Fruit 
& Vegetable Preservation Industry in India, Cent. 
Kd technol. Res. Inst., Mysore, 1956, 296). 

Kthylcnc gas is sometimes used for hastening 
colour development in fruits, the temperature being 
maintained at 55 7o"F. There is little difference 
helween fruits ripened ariilicially in air and in 
ethylene gas as regards tlieir vitamin A, B and C 
contents. Vine-ripened fruits are superior in vitamin 
C' to artificially ripened ones ('Hiompson & Kelly, 
499 ; Bidl. Minist. Agric., Loud., No. 77. 1950, 39 ; 
jacoh.s. If, 1235). 

With tlie increasing popularity of tomato in India, 
considerahle (|uanrities are des|)alched from |)roduc- 
ing areas to markets located at considerable dis- 
tances. Fruits are packed in hamhoo baskets or even 
in earthen pots and perforated kerosene tins and 
transported hy rail or road. Consignments have 
been successfully transported hy rail over 1,750 miles 
during summer months hy wrapping the fruits in 
|)aper and packing in small baskets. In U.S.A., 
the most widely adopted package is the wooden lug 
box holding 30 Ih. of fruit. Corrugated hoard cartons 
to hold 10 Ih. of fruit are used for local markets and 
I Ih. cellophane window' cartons for consumer 
packages. In Fngland, the fruits arc packed in 
specially designed ‘National* tomato boxes of fibre 
hoard holding 12 Ih. of fruit |Singh, Indian Fnig, 
N.S., 1953-54, 3(3), 10: Howard Howard, Agric. 
J. India, 1913, 8, 274 : 'J'hompson, 502-06 ; Work, 
346 49]. 

LUilizaiion Coni fyosit ion — Fresh ripe fruits are 

refreshing and appetizing and are consumed raw in 
salads or after cooking. Unri|)e fruits are cooked and 
eaten. Large c|uantities of fruits are canned. 
Tomatoes arc consumc'd also in the form of juice, 
puree, paste, ketchup, sauce, soup and |)owcler 
(Girdhari l^al et at., 187). 

The c:hemical composition of tomato varies with 
variety and stage of maturity. The pulp constitutes 
85.4% (av.) of the w'hole fruit and contains 6-7 
total solids. Analyses of the edible portions of green 
and ripe fruits gave the following values: green 
fruit — moisture, C92.8 : protein, 1.9: fat, 0.1 : carbo- 
hydrate. 4.5 : and mineral matter, o.7''o ; calcium, 
20 mg. : phosphorus, 40 mg. ; iron, 2.4 mg. ; carotene 
(as vitamin A), 320 i.u. : thiamine, 69 /tg. ; nicotinic 
acid, 0.4 mg. ; riboflavin, 60 /eg. ; and ascorbic acid, 


31 mg. /too g. : ri[)e fruit moisture, 94.5: pnuein, 
i.o : fat, 0.1 ; carbohydrate, 3.9 : and mineral matter, 
0.5'*,, : calcium. 10 mg. : phosphorus, 20 mg. : iron, 
o.i mg. : carotene (as vitamin A), 320 i.u. ; thiamine. 
120 fig. ; nicotinic acid, 0.4 mg. ; riboflavin, 60 /eg. ; 
and ascorbic acid, 32 mg./i(X> g. Tomato contains 
folic acid, pantothenic acid, biotin, vitamin K and 
inhihitols which are related to vitamin F (facohs. 
11 , 1234: Winton & Winton, II, 4(^6: tilth Bull., 
No. 23, 1951, 40, 50: Sherman, 433; von Loesecke, 
i(;42, 276; Chem. Absir., 1954, 48 , 7813; i(;53, 47 , 
1305 : Lachat, 5). 

The ascorbic acid content of tomato is only slight- 
ly, if at all, affected hy the degree of ripeness after 
the fruit is mature green. Unripe fruits contain 
ascorbic acid in a comliined form : dehydro-ascorhic 
acid is also present. Fruits exposed to direct sunlight 
contain a higher concentration of ascorbic acid than 
those ripening in sliade. Fruits of wild varieties are 
richer in ascorbic acid (46-79 mg./ 100 g.) than those 
of cultivated ones (Jacobs, 11 , 1243 ; .SV/. Rep. agric. 
Res. Inst., N. Delhi, ic;49, • ^ heni. Abstr., 1953 

47 , 8191 ; Food Sci. Abstr., 1955, 27 , 194, 566). 

Ripe tomatoes contain glucose and fructose as the 
principal sugars with small amounts of sucrose and 
a ketohe[)tose : raflinose has been identified in the 
ripe fruit. The polysaccharides present include ('ellu- 
lose, pectin, an arahan-galactan mixture and a xylan- 
rich fraction. The concentration of glucose in the 
fruit increases with ripening : starch jiresent in 
unripe fruit disapjiears at an early stage of ripening 
I Williams & Bevenue, J. agric. Fd Cheni., 1954. 2 , 
472 : Airan tV Barnabas, /. Vniv. Bonibaw 1953, 
228 (34). 29: Jacobs, H. 1235I. 

The texture and lirmness of the fruit is largely 
influenced hy tlie pectic constituents, l^roiopectiii is 
the predominant constituent of the green fruit. As 
the fruit ripens, the pectin content increases and the 
protopectin decreases ; the transformation is parti- 
cidarly rapid at the later stages of ripening. Table 2 


TABI.E 2-PHCTIC CONS TITUF.NT.S OF TOMATO AT OIFFFRFNT 
STAGES OF RIPENING* 

(As ra kill 11 1 pfitato, iliy liasis) 



Peel ill 

Protnpeetiii 


1.02 

2.42 

Yrllow 

2..U 

2.21 

Pinkisi) rcrl (ripe) 

•klO 

1.62 

Over- ripe 


1.17 

'Saviir &L Sreei>ivas.iii, /. 

svi. industr. Rts. 

, im, 5B, 41. 
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indicates the changes in pectin constituents of ripen- 
ing tomato (Kertesz, 323 27 ; Jacobs. IT, 

Ri|)e and iinri[)e fruits contain all the essential 
amino acids, cxcei)t tryptophan ; in addition, cystine, 
tyrosine, aspartic acid, glutamic acid, serine, glycine, 
y-aminohutyric acid and pipccolic acid have been 
identified. A globulin is also present (Airan & 
Barnabas. Sci. Cult., 1953 - 54 , 19, 201 : Rao et aL, 
]. sci. industr. Res., 1956. 15C, 39 : Jacobs, TI, 1239). 

The j)rincipal organic acid present in tlie tomato 
fruit is citric acid : malic acid also occurs in appreci- 
able amounts. Citric acid occurs as |)rimary citrates 
and malic acid as an acid salt. Traces of acetic, for- 
mic. lactic, succinic and arahic acids are also present. 
Oxalic and tartaric acids have been detected in 
s|)oilcd fruits. The acidity generally increases from 
the green to the turning stage and then decreases as 
the fruit ripens. Tree locules are more acidic than the 
llesh (Thorpe, XT, 663 : Jacobs, II, 1233-34, *- 4 - 43 » 
Chem. Abstr.y 1954, 48, 8982). 

(Carotenoids, /i-carotene and lycopene, constitute 
the chief colouring matters of tomato : their concen- 
tration in the fruit varies widely with variety and 
the stage of ripeness. The total carotenoids increase 
during ripening. Lycopene is absent in green tomato 
and appears when the fruit just begins to turn red : 
as the fruit ripens further, the lycopene content 
increases rapidly. The concentration of / 5 ?-carotene 
and other carotenoids show only a slight increase 
with ripening. Fruits ripening naturally on the vine 
are riclier in carotenoids than those picked green 
and ripened by storage. Ripening by the use of ethy- 
lene hastens lycopene formation as well as chloro- 
phyll decompo.sition. hut the fruits contain less 
/^-carotene than vine-ripened fruits. Temperature and 
light conditions during the growth of tomato influ- 
ence the development of carotenoids. Both lycopene 
and carotene increase in tomatoes ripened at 
50-86^ F. ; at higher temperatures, lycopene forma- 
tion is inhibited and only carotene is formed. 'Fo 


T.\BI E 3-C:Ol.OtJRING MATTERS IN GREHN, HAI.F-RIPn AND 
FIJI I.Y RIPE FRESH TOMATO*^ 

(niK. too K-) 



(*reen 

llair ripe 

Fully ripe 

LyonK'ni! 

o.n 

0.S4 

7.S5 

Carotene 

0.16 

0.43 

0.73 

Xanthopiiylls 

0.02 

0.0.4 

0.06 

Xanthophyll 

ester 

0.00 

0.02 

0.10 


*]aco!)s. rr, 12.^7. 


attain maximum carotenoid content, the fruits 
should he grown under full exposure to light and 
allowed to mature on the vine (Sadana & Bashir 
Ahmad, /. sci. industr. Res., 1948, 7B, 172 ; Bahl 
et al., Indian J. med. Res., 1949, 37, 183 ; Chem. 
Ahstr., 1955, 49, 7772; Nutr. Abstr. Rev., 1955, 25, 
652 ; Jacobs, TT, 1238-39). 

The constituent colouring matters of fresh tomato 
at different stages of development arc given in 
J able 3. /?-C"arotene is the principal carotenoid pig- 
ment : zeaxanthin and lutein are the main xantho- 
phylls. In types hearing yellow or green fruit, lyco- 
pene is present only in traces ; in dark red types the 
concentration is as high as 300-400 /^g./g. Several 
other colouring principles, e.g. neolycopene A, neo- 
lycopene B, prolycopene, a-, y- and I;^-carotenes. nco- 
/i-carotene B, neo-/Tcarotene U, lycoxanthine, phyto- 
fluene and neurosporene have been reported to he 
present. Analysis of a number of cultivated and wild 
types of Indian tomatoes, however, showed the 
presence of only lycopene, neolycopene, /i-carotene, 
neO'/S-carolcne B and xanthophylls. 'Fhe chlorophyll 
content of fresh green tomato is c. 3 mg./ 100 g. 
(Jacobs, TT, 1237 40 : Bahl et al., loc. cit. ; Goodwin 
& Jamikorn, Nature, Land., 1952, 170, 104). 

The mineral constituents present in fresh ripe 
tomatoes arc: sodium. 2.8 ; potassium. 288 : calcium. 
13.3: magnesium, ii.o: iron, 0.43; copper, o. 10; 
phosphorus, 21.3 : sulphur, 10.7 ; and chlorine, 
51.0 mg./ 100 g. ; aluminium, manganese, cohalt, 
zinc, boron, arsenic and iodine are reported to he 
present in traces. Fresh Indian tomatoes contain: 
sodium (35 mg./ 100 g.), potassium (216 mg./ 100 g.), 
copper (o.3/xg./g.) and iodine (6 /^g./^g-) (McCancc 
& Widdowson, 91 ; Winton & Winton, II, 416 : 
Chew. Abstr., 1952, 46, 4587 ; 1949, 43, 9289 : Young, 
Sci. Pro^r., 1956, 44, 21 : Pain & TLanerjee. Indian J. 
med. Res., 1956, 44, 749 : Bagchi Ik Chowdhury. 
Ann. Riocliem., 1949, 9, 107 : Iodine Content ('f 
Foods, 101). 

Pectin-methylesterase (])ectase) occurs in high con- 
centration in tomatoes and is accompanied by a 
depolymerase. Its activity increases as the fruit 
develops and ripens. Pectin polygalacturonase is 
present in ripe fruit hut is absent in green fruit. As 
the fruit ripens, catalase and peroxidase activities 
decline hut invertase activity increa.ses. Oxidizing 
enzymes occur in higher concentrations in the skin 
than in the flesh and seeds of ripe and unripe 
tomatoes (Jacobs, IT, 1241-42 : Kertesz, 365). 
Tomatoes contain a gluco-alkaloid, tomatine 
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m.p. 270°) and traces of solaninc 
(C.,.JI;.,Oj.r.N, m.p. 285® decomp.) ; narcotinc is 
reported to be present in unripe fruits. The tomatine 
content is the lowest in the pink stage of ripeness : 
it increases slightly in the fully ripe fruit. It is 
present in a relatively high concentration in the 
leaves of the plant (0.59-0.81 mg./i(X) g.) ; roots con- 
tain appreciable amounts. On hydrolysis, tomatine 
yields a steroid secondary amine, tomatidine 
(OaTHi .OaN, m.p. 210®) and a tetrasaccharide moiety 
consisting of 1 mol. of xylose, 1 mol. of galactose and 
2 mol. of glucose. A process for converting tomati- 
dine into allopregnenolonc has been worked out ; the 
latter can be transformed into progesterone or testo- 
sterone. Tomatine is used as a precipitating agent for 
cholesterol \Clicw. Nezvs, 1951, 29 , 916 ; 1960, 

38 (i i), 37 : lleilbron & Bunlniry, IV, 535-36 : Manske 
& Holmes, VII, 358; Clirni. Ahstr,, 1955, 49 , 8521 ; 
1952, 46 , 8722, 3221 ; Henry, 661 : Winion Winion, 
If, 412 ; Biol. Ahslr., 1949, 23 , 512]. 

Tomato seeds — Analysis of seeds gave the follow- 
ing values: moisture, 8.95; protein, 27.62: fat, 
24.40 ; lecithin, 0.56 : N-free e.\tr., 21.41 ; fibre, 13.60 : 
and ash, 4.02% (Winton & Winton, II, 41 1). 

Expressed oil from the seeds (yield 15-17%) is 
brown or reddish in colour with a strong odour. It 
has the following characteristics: sp. gr.“‘', 0.9189- 
0.9196; 1.4715-1.4728; sap. val., 186.3-192.0; 

iod. val. (Hanus), 117.5-125.0; R.M. val., o.i-^).3; 
Polenske val., 0.4-0.6 ; and acet. val., 10.0-20.5. 
contains: saturated acids (C,,..2o). 14.7-18.0%, and 
unsaturaled acids (mainly oleic and linoleic), 76.1- 
80.6%,. 'rhe oil is used after relining and bleaching 
as salad oil and for the preparation of margarine ; 
it is also used in soap and paint industries (Winton 
& Winton, II, 411 ; Jamieson, 243; Eckey, 736-37 ; 
Bnidy, 827). 

Tomato seeds contain 2 globulins ; albumin and 
glutelin are ab.senr. Arginine is the principal amino 
acid present in the globulins (d-globulin, 13.97 V.. 
and j 3 -globulin, 10.65%,) : other amino acids present 
in a- and /i-glohulins are: cystine, 1.28 ami 1.14; 
tryptophan, 1.15 and 1.45; lysine, 1.16 and 3.80; 
and histidine, 4.89 and 6.35%. 'Fhe pressed cake 
(protein, 37%,) is used as a feed for livestock and as 
a fertilizer (Winton & Winion, II, 411-12 ; Jamieson, 

243)- 

I'oM/VlX) pRODUen S 

Canned tomatoes — Ripe tomatoes of medium size, 

regular shape, uniform red colour, solid meat 


and of good flavour are .selected for canning. They 
are washed, scalded in boiling water or steam 
for 2-3 min., peeled and canned with or without the 
addition of tomato juice: common salt (r;..) and 
sometimes a little sugar are added. Dipping in a 
solution of calcium chloride or addition of a calcium 
salt in the can aids in keeping peeled fruits firm 
during proce.ssing (Girdhari Lai et ai, 74 : Kericsz, 
553 )' 

Tomato juke — Ripe tomatoes, with bright red 
colour and high acidity, are used for tlie expression 
of juice by the hot- or cold-break process. The former 
involves preliminary cooking for 3- 5 min. : the 
extracted juice is viscous and suspended solids do not 
readily separate out. In the cold-hrcak process, trim- 
med fruit is passed directly to the extractors ; the 
juice obtained is thin and possesses the flavour of 
fresh tomato. It is homogenized to retard the separa- 
tion of suspended solids ; deaeration is recom- 
mended h)r ascorbic acid retention. Yield of juice 
is c. 60';,. ((hrdhari Lai et ah, 187 90 ; Jacobs, III, 
2201-02 ; Brochure on Home-Scale Tood Prel)aration 
Series, Cent. Fd techno]. Res. Inst., Mysore, No. 9, 

Tomato juice is highly esteemed as an appetizing 
and nourishing beverage. It is sometimes seasoned 
to produce a cocktail (Tomato Juice Cocktail). 
Tomato Juice Powder is prepared by dehydrating 
the juice (Girdhari Lai et ah, 193 ; Tresslcr 
Joslyn, 639 - 40 ' /^T)- 

Commercial tomato juice should conform to the 
specifications laid down by the Government of 
India. It shall he a luiuid product (total solids, 
<t^5V<'.) derived from sound, fresh and fully ripe 
tomatoes, practically free from insect and fungal 
attack or any other blemish affecting the quality 
of fruit, and may contain finely divided insoluble 
solids from the flesh of tomatoes. It shall be free 
from pieces of skins, seeds, bits of coarse tissue 
and any extraneous matter. The only substances that 
may he added arc salt (5>*-5%.)» sugar, dextrose, 
malic acid, ascorbic acid, citric acid and permitted 
colours. Analysis of various brands of tomato juice 
from the Indian marker gave the following values: 
.sp. gr.'" , 1.0240-1.0387 ; total solids (mo.stly sugars), 
5.66-9.27 V(. : salts (as NaCl), 0.79-1.74 g. ; and acidity 
(as malic acid), 0.36-0.59 g./ i(X> cc. ((iirdhari Lai 
et ah, 332, 191). 

Tomato ketchup (Cat.sup) — ^Tomato ketchup is 
prepared from ripe tomatoes of deep red colour by 
cooking the pulp in kettles with spices (chopped 
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onion and garPir, cloves, cardamom, l)]ack pepper, 
iiimin, mace ami cinnamon). Cooking is continued 
till the desired consistency is obtained. Vinegar, salt, 
sugar and sometimes jtectin, arc added. According 
to Government of India specifications, tomato ket- 
chup shall have good flavour and shall he free from 
hurnt or any other objectionable flavour ; it shall be 
of good keeping (piality and show no sign of fermen- 
tation : acidity (as acetic acid), : total soluble 

solids, <{^25“... 'romato ketchup contains c. 475 /4g./g. 
of lycopene : substitution of tomato solids by carrot, 
ash gourd, pumpkin, sweet potato, papaya or apple 
pulp can be detected by determining the lycopene 
content (Girdhari Lai ct al., 195-200, 334 ; Om 
Parkash ct ///., Food Tccluiol., Champai^u, 1959, 13 , 
414). 

Tonuilo stmp — For preparing tomato soup, the 
fruit pulp is |)artly neutrali/ed by adding sodium 
bicarbonate soluti(Ui and then concentrated in a pan : 
spices, arrowroot and butter (or cream) are added. 
When the desired consistency is ohtaitied, salt and 
sugar are added and the mass boiled for another two 
minutes. According to specifications formulated by 
the Government of India, tomato soup shall contain 
not less than 7“,, total .soluble solids (other than 
added salt), it should show no sign of fermentation 
when incubated at 37^" for 7 days. A process has been 
developed for drying the .soup and preparing .soup 
powtler (Girdhari Lai ct al., 201-02, 332 : Date & 
bhalia, Bidl. cent. Fd tccluiol. Res. Inst., Mysore, 
.94- 3 , 19). 

Tomato pomace — Tomato pomace consists of skins, 
pulp and crushed seeds obtained as a wa.ste from 
tomato processing plants. It is dried and used chiefly 
as cattle feed. Analysis of dried pomace gave the 
following values: total dry matter, 94.7: protein, 
22.f); far, 14.5 ; N-free extr., 23.8; fibre, 30.5 ; and 
mineral matter, 3.3“.. : digestible protein, 16.0 ; and 
total digestible nutrients, 56.6“,, : nutritive ratio, 2.5. 
Tomato pomace contains appreciable amounts of 
thiamine, riboflavin and carotene. I'eeding trials 
have shown that it can be u.sed in concentrate 
mixture (u|) to 15',''..) for feeding dairy cows. Wet 
|)omace forms a useful feed for pigs (Morrison, 557, 
1 066). 

Production I’he total f|uantity of tomato products 
and sauces produced in India amounted to 454.47 
tons in 1957 and ^38. 30 tons in 195S : iSS units were 
licenced to manufacture tomato products in 1959 
(Information from Dircvtorate of Marketing & Ins- 
pection, Govt, of India). 


L. pimpinellifolium Mill. CtiRRANr Tomato 

Hailey, 1947, II, 1932. 

A diffuse, slender-stemmed, finely puberulent herb 
with long inflorescences and infructesccnccs, attain- 
ing under greenhouse conditions a length up to 
1.2 m. and bearing up to 150 currant-like fruits; 
fruit 2-celled, spherical, i.o 1.5 cm. diam., .shiny red 
or orange red, edible. 

The currant tomato is closely related to L, csciden- 
tum and is included in the sub-genus Etdycopcrsicon. 
It hyhridi/es readily with L. esetdentum, but not 
with wild species of Eriopersicon. It is a native of 
Peru and Ecuador and is .sometimes grown in green- 
hou.ses for its pendent fruits. Under cultivation, it 
withstands hot weather better than the commercial 
types and produces an early crop of fruits, which are 
non-splitting : fruits have a sub-acid flavour and are 
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sweeter than those of cultivated types. Hybrids of 
lliis species with L. vsculcnlum yield small sized 
fruits which arc useful for canning and bottling ; 
one such type, Pusa Red Plum, has been developed 
in India. 

The currant tomato [tossesses several useful 
characters, e.g. early maturity, high vitamin C con- 
tent aiul bright red colour of fruit and resistance to 
certain diseases ; certain strains are inimime to fusa- 
rium wilt \Fusariinn oxysporum /. lycopcrsici (Sacc.) 
Snyder & Hansen |. Strains of currant tomato resis- 
tant to early blight \Allcrnaria soluiii (K. & M.) 
Jones & Grout], late blight IPliylopliiliara infesians 
(Mont.) dc Rary], leaf mold [Cladosporium fulvtnn 
Ckc.), grey leaf spot {Siemphylium solani Weber), 
tobacco mosaic and spotted wilt are also known. It 
contains an antibiotic agent, tomatine, which is usc- 
lul against certain fungal diseases more particularly 
of the skin. Currant tomato is l)eing increasingly 
employed by breeders for purposes of hybridi- 
zation with cultivated types | Muller, Misc. PubL 
US. Dep. /Igrzc., No. 3S2, i(;4o. 15, 16 ; Luckwill, 
27 : Lesley, Ecoti. Bol., 1948, 2, 100 : Pal & 

Singh, Indian /. Gcnei., 1943, * C*) ’ ^ 

Sci. & Cull., 194S-49, 14 , 103 : Doolittle, Pli\t()- 
pallioloiry, 19JJ4, 44, 409 ; Cardon, Chemurg. Dig., 
«( 5 )* 1*1- 

The fruits contain 9",, sugar ; lycopene (85.4 /tg./g-)» 
/ 3 -caroiene (9.3 /^g./g.) and phytolluene (2.0 /4g./g-) 
are the principal carotenoids present. The leaves con- 
tain tomatine and rutin {Clieju. Ahstr., 1954, 48 , 
13837 ; Mackinney et al., Proc. mil. Acad. Sci., Wash., 
19^4, 40 , 69^ ; Fontaine cl al., Arch. iMoclicm., 1947. 
15; 89). 

L. peruvianum Mill, and L. Itirsulum Humh. 
Ronpl. arc two wild s[)ecies of the suh-genus Erio- 
pcr.sicon which are of interest to tomato breeders, as 
they possess a great measure of resistance to the 
diseases of cultivated tomato. Under the climatic 
conditions obtaining at Delhi, L. peruvianum Rowers 
and fruits profusely producing viable seeds : L. 
himulum does not .set fruit, though it Rowers profuse- 
ly. The fruits of L. peruvianum liave a sweetish taste 
not unlike that of tomato. The fruits of L. hirsutum 
contain solanine and are unpalatable and probably 
poisonous. Both species are usually incompatible 
when crossed with cultivated tomato. Successful 
crossing with L. esculenlum as the female parent has 
been recently reported by following the method of 
repeated pollination with a mixture of pollen of L. 
peruvianum and L. liirsulum (lAickwill, 28 31, 


36 -38 : Muller, Misc. Publ. U.S. Dep. Agric., No. 382, 
1940, 17 18 ; Doolittle, Phylopaliioiogy, 1954, 44 , 
409 ; Singh Pal, Sci. c'y Cull., 1948-49, 14 , 103). 

Two other s|)ecies of the sub-genus Plriopersicon 
tried in India are L. pis.sisi Phil, and I.. glandidosinn 
C. H. Muller. The former is a native of the coastal 
districts of Peru and Chile and has been experimen- 
tally cultivated at the Indian Agricultural Research 
institute. New lX*lhi, where it Rowers and fruits well. 
The Iruits are smaller than those of L. peruvianum , 
more mealy and not bitter ; they do not change to 
red or yellow on ripening. L. gland ulosum is a peren- 
nial, native of Peru bearing small globose fruits, 
greenish white in colour with darker stripes. The 
fruits have a bitter llavour, jtrobably due to presence 
of solanine, and are of little economic value (Luck- 
will, 32-34, 38-40 : Singh, Bull. Indiaii Coun. agric. 
Res., No. 76, 1956, 27). 

LYCOPODIUM Linn. (Lycop^^diaccac) 

A genus ot evergreen herbs, commonly known as 
Clubmosses, found in the tropical and temperate 
regions of the world. About 32 s[)ccies are recortled 
in India ; some of them arc epiphytic and some are 
ornamental. 

L. cernuum Linn. 

Haines, VI. 1221. 

Lu.siiAi — Kangrcm. 

An erect or creeping lierb found nearly through- 
out India, from Garhwal 'eastwards to Sikkim, 
Bhutan, Assam, Khasi and Lushai hills and further 
south on the bills of S. India : it occurs also in 
S. Andaman Islands (Chowdhury, I'rans. nal. Insl. 
Sci. India, 1935-38, 1 , 194). 

L. cernuum is commonly found on river banks and 
has been tried as a cover plant for worn-out soils in 
rubber plantations in Ceylon. It is cultivated as au 
ornamental in the Philip|)ines. In Malaya, a decoc- 
tion of the plant is used as a lotion in beri-beri aiul 
also for coughs and uneasiness in the chest. An em- 
brocation ol the ashes in vinegar is recommendeil 
for skin eruptions. Cernuine (C,„IL,.ON.,, m.p. 106") 
and small (piantities of nicotine and an uncharacter- 
ized base L;,;, (m.p. 218") have been isolated from the 
plant (Burkill, II, 1377 ; Quisumbing. 70 ; Marion <1^ 
Manske, Canad. j. Res., 1948, 26B, i). 

L. clavatum Linn. Co.mmon Ci.i bmoss 

D.K.P., V, 100 : Chittenden, HI, 1219. 

Lushai Thingribuk ; Nkpat. — Nagbcli. 

A trailing or creeping herb found from Kiimaon 
eastwards in Bengal, Sikkim, Assam, Khasi and 
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Lushai hills, Manipur, and in western ghats in 
S. India. Sterns hranclicd : Inanchcs ascending ; 
leaves crowded, narrow, lanceolate, incurved ; spikes 
in pairs, cylindric, stalked with ovate memhranous 
leaves. 

The common cluhmoss is indigenous to Asia, 
Europe and N. America and is the best known species 
of* the genus. The spores of the plant constitute the 
Lycopodium of coininerce. Tlicy are collected chiefly 
in Russia and Poland during July-August by heating 
and shaking the plant and sifting the powder so 
obtained. I.ycopodium is collected also in Japan, 
U.S.A., Canada, Germany and Switzerland. Indian 
supplies come mostly from the Himalayan regions ; 
a Hrtn in Calcutta is reported to collect 1-2 tons of 
lycopodium per annum (Treasc, r23 : U.S.D., 1955, 
770). 

Lycopodium is a pale yellow, very mobile powder 
without odour or taste. It is unctuous to the touch 
and readily sticks to lingers. It has a density of 
i.o6-i.o<;. hut floats in water without being wetted. 
'Phe spore.s vary in diam. from 25 to 40 /a. Each spore 
is a triangular pyramid with a convex base ; oitter 
surface covered with polygonal reticulations ; when 
crushed the ruptured spores exude small drops of 
an yellowish fixed oil. The spores burn with a 
brilliant flash when blown with a flame (U.S.S.R.P., 
164: U.S.l)., 1955, 770: Wallis, 2r). 

I^ycopoditim powder is commonly used as dusting 
powder and absorbent in excoriations of skin. It is 
also used as a basis for medicated snuffs. It is occa- 
sionally used as a covering for pills to prevent adhe- 
sion. I'ormerly lycopodium was used for dyspepsia, 
constipation with flatulence, hepatic congestion and 
pustular skin eruptions. It is used in homoeopathy 
against disorders of the chest and urinary passage 
and against rheumatism, cramps and varices (U.S.O., 
*95.^' 77*- Ottisumhing, 71; Nadkarni, I, 758; 
Stein met z, II, 284). 

Lycopodium powder is often employed in fire- 
works and flashlight powders. It is used as a dusting 
|)owder for sand moulds for line castings (Brady, 
790). 

Lycopodium is often adulterated with pollen of 
I^inns spp.. Typtia latifolia Linn., etc. or with roasted 
and coloured starches, dextrin, sulphur or inorganic 
.salts, all of which can he readily detected under the 
microscope (Trease, 124: U.S.l)., 1955, 771). 

l.ycopodiiim contains a fatty oil (40-50';;.). a 
complex high polymeric carbohydrate sporonin, 
C,„ll,a 027 (20 -45V;.). sucrose, a protamine, hydro- 


caffeic acid and alkaloids (0.12%) of which lycopo- 
dinc is the major constituent. The oil can be extract- 
ed by triturating the material with line sand or 
pumice stone and extracting with ether. It is green 
to bright yellow in colour and has the following 
characteristics: d]V , 0.9286; ^ iod. val. 

(Han us). 90.9 : and sap. val., 194.8 ; it maintains its 
liquidity even at the low temperature of 5°F. 
The oil contains mainly oleic acid (55-60%) and 
9-hexadecenoic acid (30-35%) : linoleic, inyristic, 
palmitic and 9, lo-dihydroxy stearic acids arc 
present. Lycopodium protamine resembles fish sperm 
protamine ; it contains arginine, valine, proline, 
alanine and histidine (Hoppe, 542 ; U.S.D., 1955, 
770: Schindler, 136: Clicni. Ahsir., 1955, 49 , 14923; 
Riebsomer 6c Johnson, /. Amcr. cIicvl 5oc., 1933, 

55 , 3352)* 

Lycopodine (C,,dli..ON, m.|). 115-16“), clavalino 
(G,„Ha,.02N, m.p. 212-13“) clavatoxinc 

(C.-HojOaN, m.j). 185-86°) arc the alkaloids identi- 
fictl in L. clavatum of European origin. American 
specimens contain lycopodine, nicotine and the un- 
identified bases L,.* (C, ,.112., ON, 

(C,,H,,,ON) and L,., (m.p. 231“): clavatine and 
clavatoxinc are reported to be absent ; it has been 
suggesteil that European and American plants arc 
specifically or varictally different. A variety of 
actions such as pressor effects, stimulation and con- 
traction of the uterus, and paralysis are attributed 
(o lycopodium alkaloids, but none of them has been 
found useful in medicine. The alkaloids are mildly 
toxic. L. clavatum has been employed in various 
countries as an antipyretic. Aejueous extracts are 
reported to he effective against fever induced in 
rabbits by .subcutaneous injection of hay infusion. 
Lycopodine has no curative action on malaria in 
ducklings (Manskc 6c Holmes, V, 295-99: Henry, 

752-55)- 

L. annotinum Linn., L. complanatum Linn, and 
L. sdago Linn, are among the other species of Lyco- 
podium occurring in India. The spores of these 
plants are collected in some countries for use as 
lycopodium powder. Several alkaloids, annotinine 
(C,,..Ha,O.HN, m.p. 232°), complanatine (C,hH;,iON, 
m.p. 169“), and u-obscurinc (CijH-aftONa, m.p. 283- 
84“) among them, have been isolated from these 
species and from L. Jucidulum Michx. and L. 
ohscunim Linn, which arc also found in India 
(Gathercoal & Wirrh, 253 ; Manske 6c Holmes, V, 
2'AS'iW)- 
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LYCOPUS I Jnn. [Labia tiw) 

A genus of perennial herbs, often growing in 
marshes, disrril)ute(l in north temperate regions and 
in Australia. One species occurs in India. 

L. europaeus Linn. GipsYWour 

D.E.P., V. loi ; FI. Br. Ind., IV, 648 : Mukerjee, 
Rcc. but. Surv. India, 1940, 14 (i), 102 ; Kirt. & Basil, 
PI. 758A. 

Kashmir & PtJNjAR — Jalnini, gandaniffundu, 

A herb, 30-100 cm. in height, with a creeping or 
stoloniferous rootstock found in Punjal) and 
Kashmir up to an altitude of 2,100 m. Leaves lanceo 
late or clliptic-ohlong, sometimes pinnatiiid ; llowers 
in crowded verticillasters, small, white or bluish, 
dotted with purple. Var. cxaliata Hook. f. is a stouter 
plant with more deeply pinnatiiid leaves, occurring 
in the same areas. It is not, however, diiferentiated 
from tlie type in medicinal use. 

'The herb is used as a cooling drug in Punjab and 
is reported to he sold in bazaars ; leaves are used as 
a poultice to cleanse wounds. The drug was formerly 
used in America as a mild narcotic and astringent, 
and in Europe, as a substitute for (piinine. Clinical 
trials liave shown that extracts of the j)laiit are use- 
ful in tlie treatment of hyperthyreosis and similar 
diseases : they inhibit the action of thyijotropic 
hormone and tlie thyroxine output of thyroid (Kirt. 
ik. Basil, III, 1984: U.S.l)., 1947, 1509; Chrtn. Ahstr., 
49 , 16234 ; Cains, /. Bombay nat. Hist. Soc., 
1940-41, 42 , 398). 

The plant contains a hitter resin (lycopin), a vola- 
tile oil and malic acid. The fruit yields a dye which 
iinjiarts a green colour to mordanted wool (Wehmer, 
II, 1078 : Perkin & Everest, 634). 

,, . 

LYCORIS Herb. {Amaryllidaccac) 

Bailey, 1947, II, 1934* 

A genus of attractive hulhous herbs distributed in 
Asia, chiefly in China and Japan. Some of the 
species are cultivated for ornament. Two species are 
grown in Indian gardens. 

/w. radiata Herb, is propagated by bulbs taken 
after the blooming period. It hears large crimson 
flowers in Aiigtist-Septemher (Kirminger, 331). 

The bulbs of L. radiata contain at least nine 
phenolic alkaloids of which lycorine (C,,.,H,- 0 |N, 
m.p. 275"" dccomp.) is of some importance. It is not 
highly toxic hut in large doses, it causes vomiting 
and diarrhoea. Lycoris alkaloids are reported to he 
used as expectorant and febrifuge : dihydrolycorine 
is used as a substitute for emetine in amoebic 


(ly.sentery. The starchy residue left after the extrac- 
tion of alkaloids may be .saccharitied by digestion 
with acid and fermented into alcohol. In C'hina, the 
globose bulbs of the plants arc made into a plaster 
and applied to burns and scalds (Henry, 406 -07, 411 ; 
Manske & Holmes, II, 332 ; Chem. Ahstr., 1951, 45 , 
3565 : 1950, 44 , 6574 ; C.heo, Bat. Bull. Acad, sinicat 
1947, I, 298). 

L. aurca Herb, is a related species bearing golden 
yellow flowers. The bulbs of this species arc used in 
China in applications for burns (Cheo, loc. cit.). 

LYGODIUM Sw. (Sctiizacaccac). 

A genus of climbing ferns distributed in tropical 
and sub-tropical regions. Four species are recorded 
in India. 

L. circinnatum (Bunn, f.) Sw. 

Beddome, Indian kVrns, 455, Fig. 281 : FI. Male- 
siana, Ser. II, l(i), 59. 

A handsome climbing fern with short creeping 
rhizome and fronds several metres long, found 
nearly throughout India, up to an elevation of 

6(X) 111. 

The stipes of this ])lant are reported to be used, in 
Indonesia, in external applications for wounds : the 
stems are used for plaiting (Brown, 1941, I, 38; 
Burkill, II, 1378). 

L. flexuosum (Linn.) Sw. 

Beddome, Indian Ferns, 457, Fig. 283 ; Blatter & 
d’Almeida, 195, PI. XIV : FI. Malesiana, Ser. II, 
MO- 53 - 

Bkxc. — Bhut-raj ; Mm..- Vallilyauna. 

Santai. Nanjom relict; Bihar Kalazha : Li'shai 
— Dawnzimpiii. 

A climbing or .scrambling fern with glabrous, 
pinnately lol)ed leaves found nearly throughout 
India up to an elevation of 1,500 m. in the 
Himalayas. 

riie plant is u.sed as an expectorant. I'rcsh roots 
are iisetl in external applications for rheumatism, 
sprains, scabies, eczema and cur wounds ; they are 
reported to be particularly useful for carbuncles. 
Stems may be used for tying rice sheaves (Kirt. & 
Basil, IV, 2749: Burkill, II, 1378). 

L. japonicum ( rhunb.) Sw. 

Beddome, Indian Ferns, 457 : Blatter tV (rAlmeida, 
196: PI. XIV : FI. Malesiana, Ser. II. l(i), 51. 

A hand.somc climber resembling L. flexuosum 
found from Kashmir eastwards to Lushai hills, 
rarely in western ghats, up to an elevation of 2,000 m. 
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Tlie plant is used as an expectorant. In China, a 
ilceoeiion of vegetative parts and spores is used as 
diuretic or cathariie (Kirt. & Basil, IV, 2749 ; Chco, 
hot. hull. Aaul. sinica, 1947, I, 299). 

L. microphyllum (Cav.) R. Br. syn. L. scaudem Svv. 

Beddoine, Indian Ferns, 455, I'ig. 2S2 ; Blatter tk 
d'Almeida, 195, PI. XIV ; FI. Malesiana, Ser. IT, 

>( 0 . 47 - 

Mal. Ciindv(dlip(inn(i. 

A slender graceful fern witli pinnate fronds, many 
feet long, found in Bengal, Bihar, Orissa, Bombay 
and S. India up to 900 m. in the hills. It is also 
cultivated in gardens to cover pillars and bowers 
(Gopalasvvamiengar, 384). 

The young leaves are eaten in Java. A decoction 
of the leaves is given in dysentery ; it also enters 
into many lotions. Leaves are applied in the form 
of poultices for skin diseases and swellings. Old 
stems which become tough are used for binding, 
basket making and plaiting (Quisumbing, 57-58 ; 
Burkill, II, 1378-79). 

Lynxes — sre Tiger and Other Cats 

LYONIA Nutt. {Ericiiccnc) 

A genus of shrubs and trees distributed from 
Himalayas to Fast Asia and in North America. 
Three s|)ecies are found in India. 

L. ovalifolia (Wall.) Drude syn. Picris ovalifolia 
D. Don 

n.F.P., VI (1), 229; FI. Br. Ind., Ill, 460. 

PuNjAii & U.P. Hu.i.s — Ayar, miffyar, uilati ; 
Nkpai. — /I //gen ; Lki*c:iia — Kanij^shiur, angcri ; 

Biii'iia — Piazay ; Khasi — DicngUi sauiiatig, jamliap ; 

Li'siiAi — Tlangli(t 7 )i, 

A deciduous shrub or a small tree, up to 12 m. in 
height, found throughout the Himalayas between 
600 and 3,900 m. and in the hills of Assam between 
900 and 1,800 m. ; it is cultivated as an ornamental 
tree in Nilgiris. Bark reddish brown, deeply furrow- 
ed, exfoliating in narrow strips ; leaves ovate or 
elliptic-ol)long, coriaceous ; ilowers in racemes, usual- 
ly white, fragrant ; capsule globose : seeds small. 

L. oiuilifolia is considered useful for covering hill 
slopes and as a nurse to deodar in western Hima- 
layas. It cop[)icc\s well and is fire-resistant. The rate 
of growth of the tree is reported to he 12-18 rings 
per inch of radius in western Himalayas (annual 
girth increment, 0.35-0.52 in.) and c. 6 rings per 
inch of radius in eastern Himalayas (annual girth 
increment, 1.05 in.). "Ihc tree is subject to attack by 


the rot causing organisms, Founs coticlialus (Pers.) 
Fr. and Ganodcntia applaiKilum (Pers.) Pat. (Troup, 
II, 636 ; Khan, Pakist. J. Sci.y 1952, 4 , 65). 

The wood (wt., 41 Ib./cu. ft.) is light reddish 
hrown, even-grained and moderately hard. It warps 
and shrinks during seasoning, is not durahle, but 
cuts well : well seasoned stock is suitable for turnery. 
It does not burn well anil the smoke is said to cause 
inllammation of eyes and face. The wood yields 
0.51% ash rich in soluble potassium salts (Gamble, 
431-32 ; Mata Prasad cSt Dange, Indiati For. Leaf!., 
No. 95, 1947, 14). 

An infusion of young leaves and buds is used as 
an application for skin diseases. The leaves contain 
a toxic substance, andromedotoxin, and are insec- 
ticidal. They are poisonous to goats anil cattle, and 
cause cerebral symptoms. The honey from the 
flowers is also reported to be poisonous (Kirt. & 
Basil, 11 , 1459: Chopra ct ///., 607). 

L. villosa (Hook, f.) Hand.-Ma/.z. syn. Picris villosa 
Hook. f. (Nkpal LcA 7 / angcri) is a small tree closely 
related to L. ovidifoUa found in Himalayas from 
Garhwal to Sikkim at 3,000-3,900 m. It is reported 
to be poisonous to cattle (Cowan & Cowan, 81). 

LYSIDICE Haiice (Lcguviifiosac) 

Burkill, II, 1379 : Macmillan, 86, Fig. 

A monotypic genus of trees, native of southern 
China and Tongking. L. rhodoslcgia 1 lance, which 
attains a height of 18 m. in its native habitat, is 
reported to be cultivated in Indian gardens for its 
attractive panicles of fragrant, rose-purple flowers, 
'^rhe wood of this tree is not ilurable but used for 
tempoiary articles, like barrels, in Tongking. The 
seeds are edible ((Gopalasvvamiengar, 232). 

LYSIMACHIA Linn. [Primulaccac) 

D.F.P., V, loi ; FI. Br. Ind., Ill, 501. 

A genus of herbs distributed in temperate regions 
and mountains of the tropics. About 14 species are 
found in India. 

L. Candida Lindl. syn. L. ohovala Hook. f. (FI. Br. 
Ind.) is a small slender herb, up to 50 cm. in lieight, 
found in the sub-IIimalayan tracts of Uttar Prailcsh, 
hilly parts of Bihar, Manipur and Nilgiris. I’hc herb 
is reported to be eaten as a vegetable, along with 
fish, in Manipur. 

A nurnher of Lysimachia spp. are grown for orna- 
ment in temperate climates. L. Icschcnaullii Diiby 
is a pretty tufted perennial with pink flowers, found 
in western ghats. It is suitable for the rockery 
(Chittenden, III, 1223 ; Firminger, 467). 
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Maba — .sa; Diospyros 
Mabuya — see Lizards 

MACADAMIA K. Miicll. [Prnleaccac) 

FI. Malosiaiia, Sor. I, 5 (2), 194, Fig. 21. 

A small genus of trees and shrubs distributed in 
Australia, New Caledonia and Celebes. A/, leniifolia 
F. MiielL, the source of Macadamia Nut, Queensland 
Nut or Australian Nut of coniinercc, has been iniru- 
diieed in India and grown on a small scale. 

A/, iernifalia is a bandsoine evergreen tree, up to 
iS in. in lieigbi, often several-stenuned, reported to 
be culiivatc'd in gardens in Nilgiris in Madras State 
and in Mysore and Uttar Pradesh. Leaves mostly in 
whorls of 3, oblong to oblanceolate ; flowers cream 
or white : fruit globose, green, c. 2.5 cm. diam., 
splitting on one side : seeci i, rarely 2, globular or 
semi-gIobo.se, with a smooth, bard, thick tc‘sta 
|Kruml)iegel, 64; Krislmamurfhi, 217; Singh, 
Ctndetihifr, 1956-59, I (5), 26|. 

'rbe tree is cultivated for its seeds, commonly 
called nuts, the kernels of which are highly esteem- 
ed as de.s.sert ; the nuts have attained considerable 
commerc ial importance in Hawaii Islands. J he tree 
has a handsome symmetrical appearance, dark 
glo.ssy foliage and drooping racemes : it is valued lor 
avenues, parks and landscape work. It is hardy and 
resistant to drought and mild frost. Propagation may 
he done by nursery-raised seedlings : grafting is 
recommended to obtain uniformly si/cd nuts of 
good (piality. Uoth thin-.shelled and thick-shelled 
varieties are known. Fxtension of the lultivation of 
the tree in Nilgiris has been recommended : it is 
also likely to do well in suh-IIimalayan tracts 
(Bailey. 1947, ‘939’ Howes, 1948. 68-73: Hamil- 

ton tV Storey, LVo;/. Hot., 1C956, 10 , 92 : Krishna- 
murthi, 217 ; Parker, 431). 

The seed kernels have a delicious sweetish taste ; 
they are pleasantly crisp and resemble hazel nuts 
and almonds in flavour and consistency. They arc 
eaten raw or roasted : they arc also used in confec- 
tionery. Analysis of the kernels gave the following 
values: moisture, 3.1 : protein, 8.7; fat, 71.4: total 
carbohydrates, 15.1 ; fibre, 2.5: .sugars, 2.7 : and ash, 
1.7%. The kernels are a good source of vitamin B| 
(486 /Jig./i(K) g.) (Hamilton & Storey, loc. cit. ; 


Howes, 1948, 69-70; Jacobs, II, 1558; ('hem. Ahslr.j 
1944, 38, 1578). 

The kernels yield a light yellow oil with mild 
nutty flavour and the following characteristics: 
solidification pt., -12' ; , 1.460 1.461 ; iod. val., 

74-76 : sap. val., 193 197 : and unsapon. matter, 
o.i 0.3%. The component fatty acids of the oil are: 
myristic, 1.6 ; palmitic, S.o : stearic, 3.3: arachidic, 
2.2 ; hehenic, 0.8 ; hexadecenoic, 20.4 ; oleic, 59.3 ; 
linoleic, 2.2 : and eicosenoic, 2.2V<.. 1 he oil resembles 
olive oil and may he u.sed as salad oil and also lor 
high grade soaps nin\ mediiinal purposes (Fxkey, 
391 ; Howes, 1948, 69-70). 

1’he wood is red, strong, hard and close-grained. 
It takes a good polish and is suitable for turning, 
cabinet and veneer work. 'The young leaves of the 
plant and outer lovering of immature nuts arc 
cvanogeiietic (Wehh, lUtll. i.oun. set. i/ulnslt. hes. 
/1//.S7., No. 232, 1948, 136). 

MACARANGA Thouars (Eul^horhiaceer) 

A genus of trees or shrubs distributed in the tropi- 
cal and sub-tropical regions of the Old World. About 
12 species are found in India. 

M. dcnticulata Muell. Arg. 

D.K.P., V, 103 : FI. Br. Ind., V, 446. 

Bk.n(;. Ihirua, ja^ura. 

; Lu'i.iiA- Numro-kifii^ : A.s.s.xm 

—Jagh), momlia. 

A moderaie-si/ed evergreen tree, t . 18 m. in height 
and 1.2 111. ill girth, found in eastern Himalayas, 
As.sain, Bengal, Bihar and Orissa, up to an altitude 
of 1,500 m. Bark greyish brown ; leaves peltate, 
broadly ovate ; flowers in panii les, unisexual ; 
capsules blackish. 

The tree thrives in a warm moist climate and does 
not tolerate frost or drought. Under favourable con- 
ditions it springs up gregariou.sly on ahatidoncd 
forest clearings and fire-protected savannah lands. 
It often tends to branch low forming an umbrella- 
like canopy. It kills out the grass making way for 
shade-hearing trees and is a ii.sclul natural allorest- 
ing agent. 'Phe tree can he easily rai.sed by .seeds in 
the rainy season. It makes rapid growth, attaining a 
heitrht of c. 12 m. in 10 years ('Froup, III, 848 49: 
Bor, 182). 
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The wood (wt., 33 ll)./c:ii. ft.) is reddish brown, 
moderately hard and pretty grained. It is used for 
fencing and temporary huts : it is reported to he 
suital)Ie for tea boxes and cabinet work (Gamble, 
621 ; FI. Assam, IV, 218). 

The tree yields a red gum kino containing 10-15% 
tannin and 60 70'*,, gum. Bark and leaves contain 
respectively u/V, and 9% tannin. A decoction of the 
plant is used as a cleansing agent for wounds in 
Malaya. Leaves are eaten hy huffaloes (Wehmer, II, 
682 ; Khan, Pakist, J. For,, 1956, 6 , 78 ; Burkill, II, 
13S2 ; FI. Assam, IV, 218). 

M. indica Wight 

D.F.P., V, 103: FI. Br. Ind., V, 446; Fyson, II, 
Kig. 469. 

'I'am. — Vtlatlunnarei ; Mal.— <//)/)//«, [tuthula- 

mara. 

Komaon — Ramaln ; Nkpal — Malata ; Assam — 

/^/g/o, 

A small evergeen tree found in the outer Hima- 
layas from Kumaon eastwards at altitudes of 
9()o-i,50(' m., Assam, Bengal, Bihar and the western 
ghats of South India : it is also common in Andaman 
Islands. Bark smooth, grey : leaves peltate ; flowers 
in panicles, unisexual : capsules small, gloh(.)se. 

The tree grows rapidly (mean annual girth incre- 
ment, 2.09 in.). The wood is greyish red and soft ; 
it is suiiahlc for fencing, huts and tea boxes ('Froup, 
III, 847 : Gamble, 621). 

The bark exudes a gum kino similar to that 
obtained from A/, kcltata (q.v.). Analysis of the kino 
from South Kanara gave the following values: 
moisture, 16.5; tannin, 6.65: gum, 70.95; and ash, 
2.35"., (Hooper, /lgm\ Ledger, 1900, 69). 

M. peltata Muell. Arg. syn. A/, roxhurghii Wight 

D.F.P., V, 101; : FI. Br. Ind., V, 448 ; Kirt. & Basil, 
PI. 877. 

Mar. — Chanda, ehandwar ; Tkl. — Boddi, konda- 
japhara, kondalamara ; 'Pam. — Vattakanni, vatla^ 
tliamarei ; Kan. — CUandakaune ; Mal. — Uppila, 
vat la : Okiya — Piania, gondaguria, 

A small to middle-si/.ed tree found in Bengal, 
Bihar, Orissa and the Deccan Peninsula, mostly in 
the hills. Bark dark grey ; leaves peltate, ovate or 
orbicular ; flowers in heads or panicles, unisexual ; 
ca|)sules globose, hairy, glandular. 

The tree reproduces freely by seeds which 
germinate at the commencement of monsoons. It 
comes up plentifully in old clearings, makes rapid 
growth anti produces large crowded leaves which are 



not eaten by cattle. It stands drastic pruning and 
puts forth flushing growth in 2 3 months. The lop- 
pings are applied as green manure to paddy fields in 
the west coast. It is also useful in colTee plantations 
for shade. The leaves are rich in nitrogen and 
potash: they contain: water, 60.17: N, 1.3: potas- 
sium (K.X)), 0.66; and phosphorus (PX),), 0.18';.. 
(Ayyar & Mudaliar, Madras agric, /., 1948, 35 , 3 : 
Troup, III, 847 ; Burkill, II, 1382 ; Rep. i)ep. Agric. 
Travancorc, 19 14- 15, 3). 

A reddish gum kino exudes from the cut branches, 
bases of petioles, young shoots and fruits. It is jiartly 
soluble in water and is available in the form of hard 
tears or agglutinated masses with a shiny lustre and 
little or no taste. A sample of kino from South 
Malahar contained: moisture, 17.1; tannin, 15.0: 
gum (mostly pararabin), 63.4 : and ash, 2.1%. It is 
used for sizing paper and for taking impressions of 
leaves, coins, medallions, etc : it is used also as a 
substitute for gum arabic. A paste of the kino is used 
as an application for venereal sores ; a decoction of 
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leaves and bark is used as a wash for ulcers. The 
bark contains c*. i8% tannin and the leaves, 9%. The 
fruit is eaten in times of scarcity (Hooper, loc. cit. ; 
Bourdillon, 308 ; Kirt. & Basu. Ill, 2271 ; Rama Rao, 
372 ; Badhwar ei ai, Indian For. Leafl., No. 72, 
1944, ii). 

The wood of M. peltata (wt., 27 Ib./cu. ft.) is pale 
brown with a mottled appearance and is reported to 
be suitable for matches and paper pulp (Bourdillon, 
308 ; Indian For., 1952, 78 , 283 ; Rama Rao, 372). 

M. pustulata King ex Hook. f. 

FI. Br. Ind., V, 445. 

Nepal — Cbillcy mallata ; Lepciia — Numro. 

A small or moderatc-si/ed evergreen tree found in 
the Himalayas from Kumaon eastwards at altitudes 
of 6oo-i,8(x) m. Bark grey, smooth : leaves orbicular 
or ovate ; flowers in panicles, unisexual ; capsules 
oblong. 2-lobcd. 

The tree regenerates abundantly on landslips, open 
ground and in young plantations. Artificial repro- 
duction may be done by nursery-raiseil seedlings. 
I’he growth is fast, trees attaining a height of c. 12 m. 
with a girth of 0.9 m. in 10 years. The tree «icts as 
a nurse to walnut, toon and chestnut. It, however, 
dies early as the wood decays easily (Gamhle, 621 ; 
Macalpinc, Tocklai exp. Sla. Memor., No. 24, 
'952. ' 37 )- 

The wood (wt., 29 Ib./cu. ft.) is greyish red and 
soft, and is suitable for fencing, huts and tea boxes 
(Gamble, 621). 

M. tanaria Muell. Arg. 

FI. Br. Ind., V, 447. 

A small tree commonly found in the Andaman 
Islands. Leaves large, ovate-acuminate ; flowers in 
panicles or racemes, unisexual : capsules «)f the size 
of a pea, clothed with wax glands. 

Gum kino obtained by tapping the tree is used in 
Java and Philippines as a glue for fastening together 
parts of musical instruments, like guitars and violins. 
The bark contains 2.1% tannin: it is used for 
toughening fishing nets. A decoction of the hark is 
given in dysentery and that of the root in fever and 
haemoptysis. Pounded leaves arc used in poultices 
for wounds (Biirkill, II, 1384-85; Brown, 1941, IT, 
318 : Baens et al., Philipp. ]. ScL, 1934, 55 , 179). 

The bark, mature leaves after shedding, and some- 
times the fruits are used in the Philippines in the 
production of a popular fermented drink from sugar- 
cane juice. The leaves stimulate the fermentation of 
cane molasses by yeast ; thus addition of air-dried 


leaves (1.2 g./l. of molasses solution) increased 
alcohol yield by c. 11%. The ash constituents present 
in the leaves are: calcium (CaO), 0.87 ; phosphorus 
(PaQ.)» ^-21 : silica. 7.62 ; iron and aluminium (as 
FcaQi -f- Al./).,), 0.06 Vo (Brown, 1941, II, 318; Clicm. 
Abstr., 1939, 33 , 307). 

'rhe wood is white, lough and light. Analysis of 
the wood gave the following values: hot water sol., 
6.27 : alkali sol., 14.66 : ether extr., 0.22 : alcohol 
extr., 2.60 ; N, 0.40 : ash, 0.93 : lignin. 32.06 : cellu- 
lose, 50.02 (ash content, 0.38) : and ^-cellulose, 
39.77V*.. rhe wood is used for making temporary 
ladders by pepper growers in Sumatra and for 
diving goggles in Philippines, 'riie bark is used for 
making food-containers (Burkill, 11 , 1384-85: West 
et al., Philipp. J. Sci., 1933. 52 , 213 ; Fox, ibid., 1952, 
81,280). 

M. populi folia Muell. Arg. is a small evergreen 
tree found in the Andaman Islands. 'The wood is pale 
brown and moderately hard ; it is reported to be 
more useful than most other Maearauf^a woods. Roots 
and leaves of the tree are used for malaria and 
dropsy in Malaya (Burkill. II, 13^3-1^4). 

Macc — see Myristica 
Mace, Reed — see Typha 

*MACHILUS Nccs {lAiunurtic) 

A genus of evergreen trees distributed from India 
to Japan and the Philippines. About 18 species are 
found in India. 

M. bombycina King ex Hook. f. 

FI. Br. Ind., V. 861. 

Assam — Soni. 

A moderate-sized tree with spreading branches 
found in the lower Himalayas from Almora east- 
wards ; it is also cultivated. Bark grey, covered with 
warty excrescences ; leaves lanceolate, very variable, 
coriaceous, pubescent beneath ; flowers in panicles ; 
fruits globose. 

This species is considered to be a cultivated form 
of M. f^amhlci or M. kurzii. It regenerates freely by 
seed and comes up gregariously in moist low-lying 
places. It grows in almost all soils and situations in 
Assam and is common in Bengal Diiars. It coppices 
well. 

A/, bombycina is one of the principal trees on 
which nwf^a silkworm is raised in Assam. It is also 
lopped for fodder. The wood is greyish brown, heavy 

* Kostermans (/. sci. Rt's. Indonvsia, 1952, I, 116) has pro- 
posed that this genus Ih; tii«*idc a synonym of Pvrsea Mill. 
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(wl., 4^ fi.) and tough : it is used for lea 

boxes (rrouj). III, 7SS : (iainble, 567 : Laurie, Induin 
For. fj’ajL, No. S2, 1945, 9). 

M. gamblci King ex IJook. f. 

Fi. Hr. Ind., V, 13S, 860. 

Kozcld. 

Vvs}.\f\—Kh(irtiiiih; Gakhwal & Nv.ww. -Kazcla ; 
Lf.ih iia — Rofiun h'U)i^ ; As.sam- -A/ o;//. 

A nioderaie-si/ed tree found in outer Himalayas, 
the suh-llimalayan tract from Ghatnha eastwards 
and in Assam up to an altitude of 1,500 m. ; it 
usually occurs in moist and swampy places along 
streams and ravines. Bark greyish, rough : leaves 
ohovate ohiong, very variable, thinly coriaceous ; 
llowers in panicles, yellowish green ; fruits globose, 
black. 

I'he tree is lopped for fodder. 'Hie wood is pale 
yellowish grey when first exposed, ageing to reddish 
hroun, sometimes with darker streaks; heartwood 
not distinct. It is rather lustrous, straight-grained, 
medium-fme- and even-textured, smooth, moderately 
hard and light (sp. gr., 0.51 : wt., 33 Ih./cu. ft.). It 
seasons well and is not very liable to end splitting or 
surface cracking. It is durable utuler cover : grave- 
yard tests show an average durability of 20 months. 
'Hie heartwood is very refractory to treatment : side 
and end penetration is practically nil. The timber 
presents no dilliculty to sawing and works to a 
smooth shinv surface. It is used for tea boxes atul 
|)a( king cases ; it is considered suitahle for furniture, 
turnery and toys (Laurie, hidian For. lA’ujl., No. 82, 
1945, 9: Pearson ^ Brown, II, <843-45 ; Purushotham 
cl fiL. Indian For.. 1953, 79 , 49: IS: 399, 1952, 14, 
16, 17). 

M. gammieana King ex Hook. f. 

M. Br. Ind., V, 137, <860. 

Nkpal Srto. rliijdi kaivla. lali. ja^rikat ; Lkpcha 

Rolinn kuni^. jdianilrt. 

'fKAOK Macliilns. 

A tree, c. iS m. in height with a fairly straight 
hole, found in Sikkim and Darjeeling at altitudes of 
1.500 2.400 m. Bark dark brown ; leaves lanceolate, 
variable ; flowers in [lanicles : fruits globose. 

riie tree reproduces well from seeds and grows 
moderately fast. It is lopped for fodder. The wood 
is p;de yellow or roseate grey when first exjiosed, 
ageing to pinkish grey, passing over into pinkish 
brown towards the centre, occasionally with darker 
streaks. lustrous, smooth, straight-grained, and fine- 
and eveti-textured. It is moderately strong, hard. 


light (sp. gr., 0.54 ; wt., 35 Ih./cu. ft.) and durable. 
It .seasons well and should he thoroughly dried in 
planks or scantlings before use. When cut in the 
(juarter it pre.sents a rather attractive appearance. 
It is an important building timber in Darjeeling : it 
is also used for tea boxes (Laurie, Indian For. Lcafl.y 
No. 82, 1945, 9 • Gamble, 566 : Pearson Brown, II, 
S41 .4^). 

M. macrantha Nees 

D.E.P.. V, 104; FI. Br. Ind., V, 140, <S6i. 

Tam . — Kolia niavu ; (hilnuivu. cliittnland- 

riniara ; Mai .. — LJraz ti. 

BoMitAY — Go! uni. kurnia. hoharsa. pishia. pisara. 

'I’kadk — Macliilus. 

A large tree, up to 27 m. in height and 3 m. in 
girth, with a cylindrical hole up to 7.5 m. long, found 
in Bihar and the Deccan Peninsula up to an altitude 
of 2,100 m. Bark pale brown with darker spots, 
rough ; leaves variable, ohiong to elliptic-lanceolate, 
coriaceous : llowers in panicles, yellow : fruits 
depressed globose, dark green, dotted with white. 

'The tree is a shade-hearer. It can he raised by 
[tutting our entire tran.splants (tr stumps under a top 
canopy soon after the break of monsoon. Its enkirg- 
cd parenchyma and ray cells function as secretory 
organs and contain a pale lemon-coloured oil. 

'Hie wood is light orange brown when first 
exposed, ageing to light reddish brown «)r brown : 
heartwood not distinct ; it is lustrous, smooth, inter- 
locked-grained, medium- and even-textured, mode 
lately hard and light (sp. gr., 0.52 : wt., 33 Ih./cu. ft.). 
It seasons well without cracking or splitting. 
Green conversion and seasoning of planks and scant- 
lings in water is recommended. In South Kanara, the 
logs are sea.sone<l in water before hollowing thent 
out for dug-outs. The wood is durable : graxeyard 
tests gave an average life of 10 15 years. It saws and 
machines well, hut the finish is rather rough. It splits 
while chamfering hut not during nailing (Pearson 
Brown, II, S45-47 ; Limaye, Indian Por. Rcc.. N.S.. 
rimh. A 7 cc//., 1954, L 54 *. I^‘- 399< *952, 25; 
Purushotham ci a!.. Indian P'or.. 1953, 79 , 49 ; 
Rehman ci al.. ibid., 1954. 80 , 626). 

The data for the comparative suitability of 
machilus tind)er, exj)ressed as percentages of the 
same properties of teak, are: wl., 75: strength as a 
beam, 60 ; stillness as a beam, 65 ; suitability as a 
post, 60 ; shock-resisting ability, 70 ; retention of 
sha[)e, 75 ; shear, 80 ; and hardness, 55. The timber 
is used in house building as planks, rafters, scant- 
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lings, ilooring and ceiling hoards. It is also used for 
boats and diig-oiits. It is suitable for commercial and 
tea chest plywood, dadoes, cabinet panels, slate 
frames and matches ; it may be used for railway 
sleepers after treatment. It satisfies specilication tests 
for unstressed parts of aircrafts (Limaye, hidiau For. 
Rcc., N.S., Timb. Mrcli., 1954, 1 , 54, Sheet No. 13 ; 
Pearson & brown, II, tS47 ; Lewis, 326 : IVotter, 1944, 
191 : Rebman c/ r//., loc. cit. ; Itidittn For., 19^2, 

78 , ^^ 74 ). 

The bark of the tree is said to be used in asthma, 
consumption and rheumatism : leaves are used in 
external applications for ulcers (Kirt. Basil, III, 
2156). 

M. odoratissima Ne(‘s 

D.L.P., V, 104 ; FI. Br. Ind., V, 139, ^59. 

1 h\in —KdZivdfL 

Vvs]\\\ -Katdd, ntil/ipiilid ; Nkpal Ldli kdzvbi ; 
Lkpciia Roliuii kiin" : Kiiasi -/)/c//g-/r/-//g/^/r-/o//g. 

'Fkadk — Mdcliilns. 

A medium-si/ed tree, up lo 2.4 m. in girth with a 
bole 7.3 111. long, found tbrougboiit the outer Hima- 
lavas and Kbasi bills up to an altitude of 2,i(X) m., 
cbielly in moist ravines and shady places. Bark dark 
grey, rather rough : leaves crowded at the ends of 
hraiiches, very variable, ohlaiiceolate to elliptic- 
oblong, coriaceous : flowers in |)anicles, yellowish 
green, fragrant ; fruits ellipsoid, purple when rijic. 

The tree is a shade-hearer especially when young 
and is fairly hardy. Natural reprodiu tion takes place 
by seeds in the early rains shortly after the fall of 
fruits. Artificial reproduction may he done by trans- 
planting nursery seedlings, one or two years old, at 
the start of the rainy season. As in M. vidcrduthd, 
s|)ccial oil-hearing secretory cells are present, hut they 
are smaller and less numerous (Troup, III, 787). 

'Fhe wood is light yellowish grey when first ex- 
posed, ageing to light brown, generally with some- 
what darker streaks : heartwood not distinct : fairly 
straight- to somewhat twisted grained, litte- and even- 
textured : moderately strong and heavy (wt., 43 Ih./ 
cu. ft.). The wood retjuires great care in seasoning. In 
air-seasoning, girdling trees for 2/: years and drying 
the wood in jdanks or scantlings for h months under 
cover, gave the best results. Seasoning in the log or 
green conversion cause considerable splitting : wood 
seasoned in the log is liable to borer attack. Kiln- 
seasoning of large planks shows no degrade : the 
colour, however, slightly darkens. The timber is 
liable to the attack of fungi. It is easy to work to a 
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good finish and takes polish well. 'Fhe data for its 
comparative suitability as timber, cx|)ressed as 
|)ercentages of the same properties of teak, are: wt.. 
KM) ; strength as a beam. So ; stiffness as a beam, 95 ; 
suitability as a j)()st, S5 : shock-resisting ahilitv. 90 ; 
retention of shape, 60; shear. 120; and hardness, 
95. 'Fhe wood is used in building construction as 
beams, rafters, planking, frames, doors, window 
sashes, etc. : it is used for shingles in Burma. It is 
reported to he a useful furniture and plywood timber 
(Pearson & Brown, 11 , S39 41 : Limaye, Induni For. 
Rrc., N.S., Tivih. Mrch., 1954, 1 , 54, Sheet No. 13). 

Leaves and flowers of the tree are sweet-scented. 
Leaves are used for rearing silkworms in 

Assam. "Fhe seeds yield a semi-drying oil with the 
following characteristics: sp. gr., 0.9260: acid val., 
65: sap. val., 170 190; iod. val., S6-11S: R. M. val.. 
3.01 ; and m.p. of mixed fatty acids, 24-26“ | Krishna 
ct ah, ludidii For. Rcc., N.S., Chrni., 1936, l(i), 13]. 

A/, duhid A. Das & P. C. Kanjikil is a tall tree 
found in Sihsagar in Assam. It yields a timber wliich 
resembles honstmi wood [Phoebe s|)p.) of Assam and 
is sold as its sid)stitute (FI. A.ssam, IV, 70). 
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Af. duthiei King ex Hook. f. is a handsome shady 
tree found in the Himalayas from Chamha to Nepal 
up to an altitude of 2,700 m. The wood (vvt., 36-37 
Ih./cu. ft.) is grey and moderately hard ; it is used as 
fuel. The tree is lopped for fodder (Gamble, 567 ; 
Laurie, Indian For, Lcafl., No. 82, 1945, 9; Chattcr- 
jee. Indian For., 1953, 79 , 563). 

M. cdtdis King ex Hook. f. (Nepal — Lapche phal, 
lapchc kawla : Lepcha — Fhnm-kung) is a large tree 
found in the eastern llimalcayas between 1,200 and 
2,401^ m. and in the hills of Assam. It is an important 
tree of Darjeeling forests, reproducing freely from 
seed and growing moderately fast. Its large walnut- 
like fruits are eaten by the [..epchas. The wood (wt., 
39-44 Ib./cu. ft.) is light greyish brown in colour, 
moderately hard, smooth and even-grained : it is used 
for planking and tea boxes (Gamble, 566 : Troup, 

III, 788). 

M, glohosa A. Das (Assam- Krtt/n/r/) is a tall 
tree recorded from Assam. The timber though 
much inferior to bonsum (Phoebe spp.) is extensive- 
ly used as a substitute for the latter (FI. Assam, 

IV, 69). 

A/, villosa Hook. f. (Nepal — Surool, kazvla ; Assam 
— Bondai-mm ; Oriya -/l/; 7 o) is a moderate-sized to 
large tree with spreading branches found in the 
eastern Himalayas up to an altitude of 2,100 m., hills 
of Assam and in Mayurhhanj (Orissa). The wood 
(wt., 31 Ib./cu.ft.) is yellowish brown, moderately 
hard and of good texture. It seasons without diffi- 
culty, is not liable to warp and is durable. It is used 
for shingles and also as fuciwood (Gamble, 565 : 
Rodger, 8 ; FI. Assam, IV, 66). 

Mackay Bean — see Entada 

MACLURA Nutt. (Moraceae) 

A inonotypic genus of trees represented by Af. 
pomifera native of North America. It has been intro- 
duced into India and is grown in gardens. 

M. pomifera Schneid. syn. Af. aurantiaca Nutt. 
Osage Orange 

C.P., 999; Parker, 484; Bailey, 1947, IL 1961, 
Fig. 2292, 

A spiny tree with spreading branches, c, 18 m. 
high and 1.8-2. 7 m. in girth, chiefly grown as a hedge 
plant. Bark brown, deeply longitudinally fissured : 
leaves ovate or oblong-lanceolate, entire ; flowers 
dioecious, greenish, minute: male flowers long pedi- 
cclled, in short or ultimately elongated racemes, 


female flowers sessile, in dense axillary pedunculate 
heads ; fruit a syncarp, as large as an orange, yellow- 
ish green, mamillate. 

M, pomifera is propagated by seeds, root cuttings 
and layers. It is hardy against frost and drought and 
thrives well in deep soil. 'Fhe leaves of the plant may 
be used for rearing mulberry silkworms (Chitten- 
den, III, 1227). 

The leaves contain (dry basis): organic matter, 
90.04: crude protein, 23.37; fat, 1.87 ; and ash, 
9.96%: the ash is rich in silicic acid, lime and phos- 
phoric acid. The fruit (wt., 1-2.5 inedible, but 

sometimes eaten by cattle ; it is suspected to he 
poisonous to stock, but feeding trials have not given 
any conclusive results. The dried fruit pulp contains 
18% of a fatty oil, which shows promise of being u.sed 
as an edible oil after purification ; the seed kernels 
contain 42% oil. The resins present in the fruit may 
be suitable for paints and adhesives. The fruit con- 
tains at least four isoflavone pigments, includ- 
ing pomiferin (Ca-ILjO,., m.p. 200.^°) and osajin 
(Ca:,H240.„ m.p. 189°), with antioxidant activity, nie 
fruit extract is useful as cardiac stimulant. The latex 
from the plant contains a proteolytic enzyme, 
macin, which may be u.sed for tenderizing meat and 
sausage casings (Chem, Abstr., 1935. 29 , 1849 ; 
Wehmer, I, 236 ; Eckey, 388 ; Webb, Bull, Conn, sci, 
industr. Res, Aust„ No. 232, 1948, 112; GJopton & 
Roberts, /. Amer, Oil Chem. Sac,, 1949, 26, -470; 
Schall 6 c Otiackenbush, ibid., 1956, 33 , 80 : Mayer & 
Cook. 210; Hocking, 132: Chem, Abstr., 1949, 43 , 
1502). 

The wood of the plant is very hard, heavy (sp. gr.. 
0.85-0.90; wt., 53-56 Ib./cu.ft.), tough, strong, 
<lurable and resilient ; it is of a bright orange colour 
becoming brown on exposure. It is rather difficult to 
work but finishes to a smooth surface. It can be used 
for rims of wagon wheels, spokes, insulator pins, tree- 
nails, walking sticks, golf shafts, fence posts and agri- 
cultural impjements. Aqueous extracts of the wood 
have been used for tanning and dyeing. The wood 
contains 9-10% tannin : it yields a yellow dye similar 
to that from old fustic (Chlorophora tinctoria) and 
contains the same colouring principles, viz. maclurin 
(C,.,H,„06, m.p. 220-22°) and morin (C,;.II,„07, m.p. 
286-88°). A heat-stable, non-toxic antibiotic, suit- 
able for use as a food preservative, has been 
extracted from the heartwood and root of the 
tree (Record & Hess, 389 ,* Howard, 434 : Howes, 
1953, 281; Thorpe, IX, 133: Chem. Abstr., 1951, 
45, 7724). 
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MACROPANAX Micj. {Araliaccat^ 

D.K.P.. V, 105 ; FI. Br. Ind.. 11 , 738. 

A small genus of trees or shrubs distributed from 
Himalayas to Java. Two species are found in India. 

M. utidulatttw Seem. (Nkpal — Cliinde ; I.kpcha — 
Prongzam ; Assam — Bon-keseru, dktifr-jarasi, phum- 
her) is a small evergreen tree, 6-«9 m. in height, with 
smooth greyish hark and digitate compound leaves 
found in eastern Himalayas and Assam up to an alti- 
tude of 1,500 m. The gum exuding from the wounds 
is reported to he aromatic. The wood (wt., 30 lb./ 
cu. ft.) is yellowish white, soft and even-grained (FI. 
Assam, TI, 363 ; Gamble, 387). 

MACROSOLEN Bin me {Jjnanthaceae) 

FI. Br. Ind., V, 220. 

A small genus of parasitic shrubs distributed in 
South-Fast Asia atid New Zealand. Three species 
occur in India. 

A/, cocliincliiticnsis (Lour.) Van Tiegh. syn. Ely- 
innithc corliincliincnsis G. Don ; fjtrnntlius frlobosus 
Roxb. : L. ampidUwciis Roxb. : L, cocliinchhicnsis 
r.our. (Bi;n<;. Chhota-mmida ; Assa.m Raghumala ; 
Nf.]»ai. — Aijhcru) is a much branched bushy shrub, 
parasitic on numerous trees and found in Nepal and 
Sikkim uj) to i,2(xi m., West Bengal, Assam, Khasi, 
Garo and Aka hills and Andaman Islands. Leaves 
elliptic, elliptic-lanceolate or ovale : flowers while or 
greenish yellow. The leaves of the plant arc applied 
as poultice for headache. The plant contains quer- 
citrin atui a wax ; tlie ash (8.05%) contains manga- 
nese (Burkill, I, i)\i) : Wchmer, I, 262). 

"MACROTOMIA DC. {Boragimiccae) 

A small genus of annual or perennial herbs distri- 
buted in Asia and the drier regions of northern 
Africa. Six s|)ecies occur in India. 

M. benthamii 1 )C.= Anichia henihamii (Wall, ex 
C. Don) Johnston 

D.I^.P., V, 106; FI. Br. Ind., IV, 177: Johnston, 
/. A mold Arbor., 19^2, 33 , ^3^ : 19^4, 35 , ^6 : Coven- 
try, I, 75, PI. XXXVII. 

Kashmir -Knhzabnn, gaozabmi. 

An erect herbaceous perennial, 
found in alpine Himalayas from Kashmir to 
Kumaon at altitudes of 3,000-3,900 m. and in Nepal. 
Leaves narrow-lanceolate: radical leaves large, 
28.0 cm. X 1.3 cm., cauline leaves 7.5 cm. x 1.3 cm.; 

* Johnsiofi (/. Arnold Arbor., 1954, 35 , 51) has proposed that 
this ^'ciiiis may he made a synonym of Arnfbia Forsk, 


flowers pink to purple or maroon, in dense terminal 
spikes. 

The dry plant, on steam-distillation, yields an essen- 
tial oil in traces. Underground parts contain a purple 
dye. The plant is considered expectorant and used for 
cardiac disorders. A(|UCous extracts, sherbet (syrup) 
and jam prepared from the flowering shoots arc 
considered useful in the diseases of tongue and throat 
and also in fever |Handa ct al., J. sci, industr. Res., 
16 A( 5 ), suppl., 26 : Hocking, 132 ; Kirt. & Basil, 
III, 1697 ; Kaiil, 90]. 

M. perennis Boiss. = A ruc/uV/ cuchroma (Royle) 
Johnston 

D.E.P., V, 106: FI. Br. Ind., IV, 177: Johnston, 
/. Arnold Arbor., 1952, 33 , 333: 1954, 35 , 56; Kiri. 
& Basil, PI. 655A. 

A herbaceous perennial, 20-50 cm. high, found in 
western Himalayas from Kashmir to Kumaon at alti- 
tudes of 3,0(X>-4,2oo m. Leaves oblong: radical leaves 
12.5 cm. X 0.8 cm., cauline leaves 2.5-5.0 cm. : flowers 
purplish white to purple or brownish, in compound 
cymes. 

The plant is reported to be used in Afghanistan for 
toothache and earache. Bruised roots are applied to 
eruptions. Umlerground parts contain a purple or red 
dye. The root of this plant, along with that of 
Onosma hispidum D. Don and other roots, is said to 
constitute the Ratlanjol of Punjab and N.W. Hima- 
layas (Kirt. & Basil, III, 1697). 

Mad Apple — .sec Datura 
Madagascar Plum — sec Flacourtia 
Madar Mat — see Cyperus 
Madder, European — see Rubia 
Madder, Indian — .sei^ Hedyotis 

MADHUCA J. F. Gmel. (Sapotaceae) 

A genus of trees distributed from India to Austra- 
lia and Polynesia. Four species are found in India. 

*M. indica J. F. Gmel. syn. M. latifolin Mach. ; 
Bassid latifolia Roxb. Mahua, Mowra, Ii.i.ii*k, 
Buttkk Tree 

D.E.P., I, 406 : C.P., 1 16 ; FI. Br. Ind., Ill, 544. 

Hindi — Mahua, mohwa, mauwa ; Beno. 

Mahwa, maul, mahula ; Mar. mohzvra ; 

* Recently van Royen has revised the taxonomy and nomen- 
clature of the genus Madhuca of the Malaysian area. He 
merges A/, indica J. F. Gmel. and M. lon^ifolia (Koenig) M.'id>. 
under the latter name and distinguishes two varieties, viz. 
var. longifoUa and var, latifolia (Roxb.) Cheval. \Rlumca, 1960, 
10 ( 1 ), 53]. 
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FIG. 71. MADHUCA INDICA-A YOUNG TRKK 


Guj . — Mahiida ; Tki.. — 7 /)/)^/ ; 'rAM . — Illupriy vltipa ; 
K \ s . ~-Hippc ; Mal.- Ponnam, iliipa ; Okiya - 
Malmla, moha, madgi, 

A int*(iiiini-siml to large (lecicliioiis tree, usually 
with a sliort hole and large rounded crown, found 
throughout the greater part of India up to an alti- 
tude ol 1,200 m. Bark dark coloured, cracked ; leaves 
clustered near ends of hranches, elliptic or elliptic- 
oblong, 7.5-23 cm. X 3.8-1 1.5 cm., coriaceous, pubes- 
cent when young, almost glabrous when mature ; 
flowers in dense fascicles near ends of branches, 
many, small : calyx coriaceous ; corolla tubular, 
fleshy, cream-coloured, c. 1.5 cm. long, scented, cadu- 
cous : berries ovoid, up to 5 cm. long, greenish turn- 
ing reddish yellow or orange when ripe ; seeds 1-4, 
brown, ovoid, shining, 2.5--3.75 cm. long. 

A/, indica is found in mixed deciduous forests, 
usually of a somewhat dry type, often growing on 
rocky and sandy soil and thriving on the Deccan 
trap. It is common throughout central India, Bombay 
and Andhra Pradesh : it is also common in the drier 
type of sal forests in Madhya Pradesh. It is much 
planted in the plains of northern India and Deccan 
Peninsula. When forest land is cleared for cultiva- 
tion, mahua trees arc carefully preserved. 


M. longifolia (Koenig) Mach. syn. Bassia longifolia 
Koenig Soinn Indian Maiiua, Mowra Butter Tree 
D.K.P., I, 415 ; C.P., 117 ; FI. Br. Ind., Ill, 544. 

(Names in Indian languages same as those of M. 
indica) 

A large evergreen tree with a dense spreading 
crown found in South India. Bark grey to dark 
brown, scaly, leaves clustered near ends of hranches, 
linear-lanceolate, 7.5 12.5 cm. X2.5-4.5 cm., tapering 
towards base, glabrous when mature ; flowers in 
dense clusters near ends of hranches, many, small ; 
calyx rusty pubescent ; corolla tubular, fleshy, pale 
yellow, c. 1.5 cm. long, aromatic, caducous ; berries 
ovoid, c. 5 cm. long, yellow' wlien ripe : seeds usually 
1-2, compressed, yellow', shining. A/, longifolia re- 
places A/, indica in South India and is frecpiently 
met with in cultivation, especially as an avenue 
tree. 

A/, longifolia is common in the monsoon forests of 
W'cstern ghats from Konkan southwards, usually 



FIG. 72. MADHUCA INDICA-FRUITING BRANCH 
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along the banks of rivers and streams ; it also extends 
into the Deccan and many parts of southern India. 
It thrives on all types of soils with a considerable 
depth of loam and may l)e grown in comparatively 
dry localities. 

M, indica and Af. loiigi folia are so closely related 
that hardly any distinction is made between them 
in trade. Roth are valued for their seeds which yield 
a fatly oil, known in commerce as Mahiia Butter, 
Mowra Fat, llleppe Butter or Bassia Fat. The 
corollas of mahua flowers, commonly called mahua 
flowers, are edible and form an article of diet in 
villages in several parts of India. Mahua timber is 
used for constructional purposes. Tlie information 
given below applies generally to both species. 

Malnia is ordinarily drought- and frost-liardy, but 
suffers under severe conditions. It is reported to be 
unaffected by excessive monsoons and is found in 
water-logged or low-lying clayey and shallow soils 
in Mysore. It is a strong light-demander and is 
readily suppressed under shade. When young, it 
may be browsed by deer and cattle. It coppices 
fairly well when cut in the dry seastui, but not wlien 
cut during rains. In some localities, particularly in 
central India, the tree is damaged by loranthaceous 
parasites. 

Natural reproduction takes place by seeds which 
germinate early in the rainy .season, soon after falling. 
Fxposure renders them liable to fungus attack and 
radicles may dry up or be eaten by insects ; for 
germination to take |)lacc the seeds should become 
covered wirli earth or debris. Natural seedlings arc 
thus found chiefly in small hollows into which earth 
is washed at the commencement of rains. Subse- 
f|uent growtli is slow, but is favoured by abundant 
light. 

Artificial propagation may be done by direct sow- 
ing or by transplanting nursery raised seedlings. 
Fresh seeds should be sown about July-August and 
covered with earth. Direct sowing in prepared lines 
or patches is preferred to transplanting which is 
troublesome as the seedlings develop long and deli- 
cate tap-roots. For transplanting, seeds should be 
either sown direct in deep pots or baskets or seedlings 
transplanted into them from the nursery during the 
first rainy season a few weeks after germination ; 
they arc planted in the forest early in the second 
rainy season ('Froiip, II, 640-46 : Krishnamurti 
Naidii, 45). 

Diseases & Pests — Af. indica is affected by the rust, 
ScopcUa echinulata (Nicssl) Mains syn. Uromyces 



Photo : M. B. It'htiporui 
FIG. 7i. MAHUA SEEDS-UNSHELI.KD 


echinulatns Nicssl. The tree is also subject to white 
spongy rot [Polysiictus sicinlicilinuus Berk. & Lev.), 
heart rot of stems \Fovirs caryophylli (Racib.) Bres.] 
and root and butt rot [Polyporus irilvus Schw.) 
{Indian /. rtgr/c. Sci., 19^0, 20, 107 ; Information from 
F.R.I.. Debra Dun). 

The leaves of A/, indica are eaten by caterpillars of 
Achaea janata Linn., Anu^a mtdtiplicans Wlk., 
Bonihotclia nngalrix Gticn., Mcianaslria hyrtaca 
Cram, and a few species of Rhodoncura, Two species 
of Acroccrcops mine the leaves and blotch them. 
Newly felled trees and green logs are attacked by the 
pin-hole borers, Xyleborus spp. and Polygraphus 
hassiae Beeson. The bark is destroyed by white ants 
{Odoniolcrmcs nhestis Ramb.) and the bark borer, 
Xyloctonus scolytoides Eichh. The sapwood of dead 
tree is damaged by ghoon borers, like Scliistoceros 
anohioides Waterh. and Xylocis tortilicomis Lesne 
(Information from F.R.I., Dchra Dun). 

Af. longifolia is attacked by the saj) sucker, IJnaspis 
acuminata Green, and sometimes by white ants, 


27 


209 


MADHUCA 



l*holn : M. li. Ii lttthoriti 

FIG. 71. MAHIJA KERNEIJ^-WFI.I. PRESERVED AND SPOII ED 


ColUoIrruH's (rylnfiirns llolnig. and Kaloiermes sp. 
(Itilonnaiion Iroin K.R.f., Dclira Dim). 

Collcclion oj seals — Under ravomahle .soil and 
elimaiic eondirion.s, malma trees begin to bear fruit 
at the age of H lo years and eonliniie to do so for 
about 6o years. Fruiting in alternate years is not 
uncommon. 

"riie fruits ripen in May-June, when tlicy fall from 
the tree or are dropped by vigorous shaking of the 
braiu hes. Tlie sea.son for collecting the seeds is short 
and in the ab.sence ol organized harvesting, a consi- 
ilerable jiortion ol the crop is lost during the 
monsoon. In .some jiarts ol South India, harvesting 
extends up to December, fhe seeds arc separated 
Irom the Iruil wall by pressing, and then dried and 
shelled to get the kertiel (c. 70% of the weight of 
seed). 1 he kernels consiiiuie the mahua seed of 
commerce. 

No authentic figures arc available regarding the 
total number of mahua trees, yield of seeds per tree 
and actual |)roduction. Available information from 
.some states is summarized in Table r. 

Mahua seeds available in the trade contain 5 12% 
moisture and 2-5*;', refraction. Seeds containing 


more than 7 8".. moisture are liable lo fungus 
attack when stored. Analysis of .seed kernel gave 
the following values: fatty oil, 51. i ; protein, 8.0: 
N-tree extr., 27.9; fibre, 10.3; and ash, 2.7'n 
(Wehmer, II, 928). 


JABI E I-E.STIMA1ED PRODUCTION OF MAHUA 

.SEEDS* 

.State ^ 

No. of trees 

Animal see( 
production 
(tons) 

Koml)ay 

737,000 

19,732 

My. sore 

25,000 

1,116 

Madhya Hharat 

522.000 

14,574 

Uhopal 

188,000 

2,950 

Vindhya Pradesh 

1,514,000 

18,925 

West Kengal 

101,700 

2,940 

Madras 

300,000 

6,071 

Hyderabad 

997,900 

5,917 

Uttar Pradesh 

4,995,627 

44,643* ♦ 


* Infonnation from Indian Central Oilseeds Committee. 
** hulian .V«rt/» 1952 -5.^, 18 , 4. 
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Mahua Oil 

The quality of oil expressed from the seeds depends 
largely on the conditions under which they have been 
stored. Even under the best conditions of storage, the 
concentration of free fatty acids increases. The oil 
from fresh seeds has an acid value as low as 3.5, while 
the value for oil obtained from old and badly stored 
seeds may be as high as 60. The yield of oil from 
seeds depends on the efficiency of the e(|iii|)ment em- 
ployed for crushing ; it is 20-30% of the weight of 
kernels when crushed in ghanis, 34-37% in expellers 
and 40-43% wlien extracted by solvents. The oil 
content of cake from solvent extraction plants is 
usually less than 1%. 

Fresh mahua oil from properly stored seeds is 
yellow in colour with a not unpleasant taste. Com- 
mercial oils are generally greenish yellow in colour 
with an offensive odour and disagreeable taste. At 
temperatures prevailing in most parts of India 
during the major part of the year, the oil is fluid, 
often throwing out a deposit of stearine : in cold 
weather, the oil solidifies to a buttery consistency. 
Mahua oil has the following characteristics: 
sp. gr.Ji;?*. 0.856 0.870; n‘\^\ 1.458-1.462; acid val., 
5-50; sap. val., 188-200; iod. val., 53-70: R.M. val., 
0.7-3.6 ; unsapon. matter, 1-3%; and titre, 36-45® 
(Thorpe, I, 653 ; Williams, K. A., 385 ; Sudhorough 
rt id., }. Indian Inst. Sci., 1923, 6, i ; Eckey, 712). 

The fatly acid composition of mahua oil from 
Gujarat and Uttar Pradesh is given in Table 2. The 
glyceride structure of the oil is reported to be as 
follows: dipalmito-stearins, i ; oleo-dipalmitins, i ; 
oleo-j)almitosicarins, 27 : palmito-dioleins, 41 ; and 


stcaro-dioleins, 30% mol. According to more recent 
work, the values are: trisaturated, trace; mono- 
unsaturated-disaturaied, 47 : mono-satiiraied-diun- 
saturated, 36: and tri-un. saturated, 17% mol. 
(Hilditch & Ichaporia, /. Soc. chan. Ind., Load., 
1938. 57 , 44T : Kartha, J. Antcr. Oil Chan. Soc., 
*95:h .12^)- 

The unsaponifiable matter contains an unsaiurated 
hydrocarbon, illipene ((lian... or C,.,!!,..,; or 
m.p. 6^.5'"), 2 sterols (m.p. 177'’ and 122'', the latter 
having the molecular formula Co.,1 1 and probably 
isomeric with fl- and y-sitosterol), higher fatty 
alcohols and colouring matter (Kobayashi, /. Soc. 
chan. Ind. Jafyan, 1922, 25 , 11S8; Srivastava & Rao, 
Soap Pcrfuni. Cosni., 1951, 24 , 673: Hhargava A: 
Singh, /. Indian chan. Soc., 1958. 35 , 763 : Ileilbron 
& Bunbury, III, 2). 


TABLh 2~COMPONt:NT FAI IY ACIDS OF MAIIITA Oil, 
(»1‘ total fatty acids) 




Oiiiarat 

V.V. 


f — 

X. ^ 

f ■ ^ 


Sample 

A' Sampit* tV”* 

Sample C* 

Myristic 

lf)..l 


1.2 

Falniitic 

27.1 

25.7 

17.4 

Stearic 

2.0 

19.5 

24.5 

Arachidic 



5.0 

Oleic 

41.0 

4U 

44.0 

Liitolcic 

15/i 

15.7 

9.5 


' tail & Shah, Oil Fat Ind.. 19.LS. 2, Iti ; * Hilditch & tchaporia, 
/. Soc. chem. Ind., Land., tOJS, 57, 44T ; ’’Dhiiigra <»/ at., ibid., 
19.H, 52, tI6T. 


TABI.E }-<}lJANTITIRS OF MAHUA SFFD CKUSHFD AND OIL PRODU CFD IN MILLS (19^0-54) 

(tons) 


1950 


1951 


1952 


1955 


1954 


Bombay 

Seed 

10,005 

West Bengal 

5,595 

Hi tar Pradesh 

7,970 

Bihar 

160 

Madhya Pratlcsh 

440 

l^injab 

175 

Ori.s.sa 

215 

Kajasthan 

5 

Others 

52 

Total 

22, .595 


Oil' 

Seed 

Oil’ 

5,H52 

11,517 

4,419 

1,1. ‘iO 

5,507 

1,200 

2,8.56 

15,252 

5,457 

55 

148 

45 

145 

481 

1.58 

60 

87 

51 

59 

129 

45 

2 

251 

97 

11 



8,172 

31.412 

11,4.52 


sZd 

.-A. ^ 

Oil 

.See»l 

5,756 

2,1.14 

.5,019 

1,8.55 

621 

2,168 

9,759 

5, .591 

6,015 

4 

1 

2 

.582 

185 

521 

550 

124 

128 

95 

51 


140 

52 

111 

79 

20 

55 

18,598 

6,559 

1.5,797 


Oil 

Seed 

Oil 

2,065 

.5,287 

2,094 

764 

2,875 

919 

2,122 

5,527 

1,817 

1 

10 

5 

105 

794 

254 

41 

185 

68 

41 

140 

52 

II 

88 

28 

5,146 

14,702 

5,265 
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Talkie 3 gives the (juantities of seed crushed and 
oil produced iu dillereut States l)y factories registered 
uncier the Factories Act, during the period 1950-54. 
iMgures for seeds crushed and oil produced during 
1954-55 (Table 4) are only approximate 

as they do not relate to all the mills in the country. 
In addiiion to the oil produced hy organized mills, 
a si/eahle (plant it v of seeds is crushed in village 
^httnis ; about 10.000 tons of seeds were crushed in 
in i(;55 54 : a more recent estimate puts it at 
15,000 Ions. 

Indian Standard S|)ecilicalions (IS: 545-i(;54) for 
mahiia oil are as follows: moisture, : colour 

(Loxihond ' j in. cell) Y-f 5R, ]J>5o ; sp. gr.:|;' , 0.S62- 
o.S’75: , i.45(; 1.461 : acid val., ^40.0; sap. val., 

1.S7 !(/) : iod. val., 5S -70 : unsapon. matter, J>5.o‘V. : 
and til re, : the liltered sample kept at 50^^ for 

24 lir. shall show no turhidily. 

/ '.s’c.s -Mahua oil is used mainly in the manufac- 
ture of soa|)s, particularly laundry soaps. The (pian- 
lities consumed hy the Indian soap industry during 
i(>5o 54 are given in 'Fable 5. So.*i|) produced from 
inahiia oil tends to go rancid during storage, due 
mainly to the presence of oxidisahle constituents in 
the unsaponiliahle fraction. For this reason, mahua 
oil is not recommended for toilet soap manufacture, 
unless it is protected hy a suitable anti-oxidant. It 
has been reported that treatment of oil witli steam 
before sapotiilication and addition of gum hen/oin. 


lAUI E 4 — QUANTi rinS OF MAHUA SEED CRUSHED AND Oil. 
PRODUCED (19*54-56)' 

(in iiiclrif ions) 


1954 55 

1955 56 

Slid 

22.1S7 

50,655 

Oil 

7,179 

10 , 57 s 

* tiffunl an /‘fi.'i 

I'r^-t 5fi. 

rr Oil Millintf Industry, Tridi.-in Oll.sml.s 

1 ABI E 

^-CONSUMPTION OF MAHUA OIL IN 

INDIAN SOAP INDUSTRY 


Qtv 

(Inns) 

Val. 

(Rs.) 

1 950 

5,4S0 

9,H5H,642 

1951 

S. v^O 

1 5.S()5,00() 

1952 

.L910 


1955 

1,757 

2,S59,979 

1954 

I.S7V 

2,255,594 

> 

Crnsus of tUiUnn Mnnufacturvs 



along with tobacco or clove extract during proces- 
sing, renders the oil suitable for the production of 
liigh (piality soaps. The use of distilled mahua fatly 
acids for the same purpose has been recommended 
(Wittka, /l//g. Ocl-u. Frtlzt^r^ *933* 30 , 381 ; Om 
Prakash rl aL, Vroc. Indian Sci. Con^r., 1956, ])t III, 
160 : Clinn. Ahstr., i<;52, 46, 8596 ; Srivastava & Kao, 
loc. cit.). 

Mahua oil is used for edible and cooking purposes 
in some rural areas. Caaide oil has a deep colour, 
high acidity and unpleasant odour. Kelining and 
hydrogenation yield products similar to mutton 
tallow or cacao Initler. Oils having acid value below 
15 may be refined by treatment with caustic .soda : 
tho.se with higher acid value are extracted with 
alcohol and further treated with alkali. 'Fhe oil is 
sometimes used as an adulterant for ghee : for this 
purpose it is clarified with buttermilk to mask the 
odour (Hodge, Kcon. /?(>/., i(;55. 9, : Hill, 205: 

Kane, Pmc. Synij). Indian Oils Fats, NCL, Poona. 
*95 55 *’ biidboiough ct al., loc. cit.). 

Refined oil finds use in tlie manufacture of hihri- 
caling greases and fatty alcohols. 'I'he oil is used also 
for candles, as a hatching oil in jute industry and as 
a raw material for the |U'oduction of stearic acid 
I IS: 545, 1954: Thiagarajan Sc Srikautan, /. Indian 
chem. Soc,, indnstr. Fdn, 1950, 13, 163, 201, 210, 2i(;, 
227 : Kane Si Kulkarui, /. sci. vidnslr. Res., 1954, 
13B, 890: Patnaik, Oils Oilseeds J., 199^-51, 
3(..).9|. ■ ■■ 

Mahua oil has emollient properties and is used in 
skin di.seases, rheumatism and headache. It is laxa- 
tive and considered useful in habitual constipation, 
piles and haemorrhoids : it is used also as an emetic. 
Tlic seeds are galactagogue (Chopra, 1958, 358 : 
Dasiur, Medicinal Plants, 15 1 ; T.P.C., 145 : Nayar, 
J. Bombay tial. Hist. S(n'., 1954-55* 52 , 515). 

Marketing — Mahua being essentially a forest crop, 
the collection and transport of seeds on an organized 
basis pre.sents certain difficulties : also the proportion 
of seeds collected to the total crop is much less in 
fore.st areas than around villages where mahua trees 
occur in a state of .semi-cultivation. 

Shelled kernels which are not locally cru.shed in 
ghanis reach the market after passing througli 
.several intermediaries. The more important terminal 
markets for mahua seeds in dilTerent states are: 
Uttar Pradesh — Mauranipur (probably the biggest 
market in tlie country), Lalitpiir, Mahoba, Bharwari 
and Allahabad ; Madhya Pradesh -Alirajpur, Shaja- 
pur, Ujjain, Basoda, Kannod, Betulganj, Raipur, 
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bliopal and Itarsi ; Mnh(iraslitra-~Chmi\ii, Nandur- 
bar and Nasik ; Gttjftml — (jodhra ; Orissa — Gunpur ; 
Andhra Pradesh — Rajahinundry, Visakbapat nam, 
Bobbili and J^irvaiipiiram ; Mysore — 'runikur. Tbc 
bulk of transaciions between merchants and millers, 
however, lake place in Bombay, Calciiita and 
Kanpur. 

'riie price of inaluia oil in the Bombay market is 
generally higher than that of imported Malayan 
palm oil (Fig. 75). It is influenced, to a certain extent, 
hy the prices of coconut and groundnut oils which 
are also consumed in the soap industry. The recent 
upward trend in the price of mahua oil is due 
mainly to restrictions on the imports of palm oil 
and coconut oil. 

Ex()orls- Prior to World War I, considerable 
i|uantilies of mahua seed (av. 30,000 tons per annum) 
were exported to Kurope. ^rhere has been a steep 
drop in exports since tlie war and in recent years 
there has been practically no export of seed or oil. 
During the past 3 or 4 years a small (piantity nf oil 
has been exported, mainly to Pakistan, lii 1960, 
519 cwt. of oil valiied at Rs. 51.225 were exported. 


Mahua Cakk 

Analysis of mahua cake (from U.P.) gave the 
following values: moisture. 7.2-11.1: oil. S.0-13.3; 
protein, 15.0 17.4; carbohydrates, 4S.7 54.6 ; fibre, 
5. 3-5.9 ; and ash. 6.4-6.8';n. It contains e, 4.6' V, of a 
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toxic and bitter saponin, mowrin, which possesses a 
digitalis-like action on the heart and also haemolytic: 
ac tion ; it is regarded by some as a mixture, of two 
substances. On hydrolysis, mowrin yields the sapo- 
genin, bassic acid (C,„II|,. 0 ., m.p. 319-24") and 
glucose, rbamnose, arabinose and xylose. In com- 
parison with other oilseed cakes, mahua cake is 
poor in protein (’ontent (Oin IVakash el ai, J. 
Insln iUieni. India, 1953, 25 , 31 ; C'liopra, 1958, 357 : 
U.S.J^., 1947, hW • Saletore cV Paiidharipande, J. 
Indian clieni, Soc,, indusir. Edn, 1949, 12 , 125 : 
Dutta, Curr. Sci., 1(454, 23 , 222 : Chcni. Ahslr,, 0439, 
33 , 7S09). 

The pivseiice of saponin renders (be cake unfit for 
use as animaf feed. Small (|uaulilies of cake are 
sometimes fed to cattle without any a|)parent ill 
effect. Processes have heen worked out in Germany 
for eliminating saponin from the cake : processed 
cake can be used m animal feeds in admixture with 
other materials, particularly molasses [Oilseeds Ser., 
Indian Oilseeds Comm., No. 33 ; Oil Sevds and 
Pet'ding Gakes, ijS). 

Mahua cake is useef as manure either alone or in 
mixture witli other cakes and ammonium sulphate. 
It contains: N, 2.5: phosphorus (PjOj, 0.97: and 
potassium (K.O), 2.15"... The presence of sa[)onin 
inhibits the rapid nitrification of cake in the soil ; 
for this reason, mahua cake should be applied a few 
weeks earlier than the normal time for the applica- 
tion of other seed cakes. A compost with good 
manurial value is obtained by mixing 2 parts of 
mahua cake with 25 parts of soil, 5 jiarts of charcoal 
;md f)5 70 parts of water and setting the mixture 
aside for () months to ferment. Composting with 
sawdust, bagasse and cane trash for 3 months facili- 
tates nitrification of cake. In recent years, mahua 
cake is being exportc'd to Ceylon. L^K. and a few 
other countries, 'riie t|uantity of cake e\|)orted during 
195S, 1959 and i960 amounted to 1,739. 1.166 and 
i,oiS tons respectively, valued at nearly 2 lakhs of 
rupees aimually |Mukerji, /Igrtc. Anitn. Hush., 
L liar Pradesh, 1951, 2 (i), 14 ; Vyas, Hull. (i<^rie. Res. 
hist. Pusa, No. 176, 192S ; Om Prakash el al., /. Insln 
Chem. India, 1953, 25 , 31 : Oilseeds Ser.. Indian 
Oilseeds Comm., No. 33]. 

Mahua cake possesses insecticidal and piscicidal 
|)roperiies. It is a|)plied to lawns anil golf greens, as 
the saponin present in it lias a specific: action against 
earthworms. The cake may be used in the formula- 
tion of moulding powder compositions. It is used, 
along with shikakai [Aeaeia coneinna), as a hair- 
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wash in South India (Suhl)a Rao, Indian Soap /., 
1952 5V 18 , 90 ; C'hopra ct al., J. Bombay nat. Hist. 
Soc., 1941-42, 42 , 854; Oin Prakash ct al., Froc. 
Indian Sci. Congr.y 1951, pt III, 99). 

Active (arhon with good bleaching properties has 
been jirepared From the Iiusks oF inahiia seed. Seed 
husks coniain : inoisiurc, 3.1 : lignin, 28.6 : and crude 
lihre, 52/) (C)in Prakash ct al., J. Oil Tcclinol. /I55. 
India, 1955, 11, 58). 


Mahua Fi.owkks 

riic succulent, creani-colourcd corollas fall to the 
gnmnd in showers during March and April ; in 
some pans of South India, this continues in other 
inonlhs also. They are collected on previously 
cleaned grouiul and spread in the open for drying. 
During this process, they shrink in size and turn 
reddish brown in colour ; the characteristic odour 
increases as a result of drying. The yield of corollas 
per tree varies from 2 to 4 md., though yields up to 
8 md. have been reported. 

'1 he corollas are a rich source of sugars and con- 
tain ap|)reciahle amounts of vitamins and calcium. 
Analysis of a sample gave the following values: 
moisture, 18.6 : protein, 4.4 ; fat, 0.5 ; total sugars, 
72.9: lihre, 1.7; and ash, 2.7V..: phosphorus, 140; 
calcium, 140: and iron, 15 mg./ 100 g. ; magnesium 
and copper are preseiii. The sugars ideniilied are 
sucrose, malto.se, glucose, fructose, arabinose and 
rhamnose. The total sugar content of the corollas is 
maximum when the flowers are mature and ready 
to fall. In the growing stage, fructose is present in a 
greater amount than glucose, and in the ripe stage, 
ihe cpiantiiies are almost etpial ; sticro.se increa.ses in 
amount up to the shedding of the corolla : it is later 
converted into invert sugar (Belavady & Halasuhra- 
manian, Indian J. af^ric. Sci, 1959, 29 , 151 ; Sutaria 

Magar, J. Indian chem. Soc., indnstr. Kdn, 

43 (;() ; Fowler ct al., J. Indian Inst. Set., 1920-21, 

3,81). ' 

The vitamins pre.scnt in the corollas arc: carotene 
(as vitamin A), 39 i.u. : ascorbic acid, 7 mg. ; thia- 
mine, 32 //g. ; riboflavin, 878 /4g. : and niacin, 
5.2 mg./ 100 g. ; folic acid, pantothenic acid, biotin 
and inositol arc present. Ascorbic acid is destroyed 
during drying and storage by the oxidase present. 
The corollas also contain an essential oil with an 
unpleasant odour, anihocyanins, betaine and salts of 
malic and succinic acids. Catalase, oxidase, invertase, 
maltase. amylase and emulsin are among the 
enzymes identified (Belavady & Balasiibramanian, 


loc. cit. ; JSutaria iS: Magar, J. Indian cticni. Soc., 
indnstr. Edn, 1955, 18 , 59 ; Fowler ct al., loc. cit.). 

U.SCS — Mahua flowers arc eaten raw or cooked ; 
they are eaten also after frying or baking into cakes. 
More usually, the corolla tubes, after removing the 
stamens, are boiled for about 6 hr. and left to 
simmer until the water evaporates completely ; the 
odour disappears as a result of cooking and the 
material becomes .soft and juicy ; it is eaten with 
rice, tamarind, sal seeds, grains or other foods or as 
sweetmeat. Mahua corollas should he consumed in 
moderate (|uaniiiies ; excessive consumption may 
cau.se vomiting with cerebral symptoms ('Frotter, 
1940, 258 : C^.hopra ct al., 628). 

Mahua flowers are largely u.sed in the preparation 
of distilled lujuors. The freshly prepared licpior has 
a strong, smoky foetid odour, which disappears on 
ageing. It is reported to excite gastric irritation and 
produce other iinplea.sant effects. Redistilled and 
carefully prepared licjuors are of good cjuality and 
closely resemble Irisli whisky. The corollas were 
formerly exported to FVance for distillation of cheap 
brandy (Trotter, 1940, 258 : 'Fhoipe, VII, 470). 

Next to cane molasses, mahua flowers constitute 
the most important raw material for the fermenta- 
tive production of alcohol. An average yield of 90 
gal. of 95'/o alcohol is reported from i ton of dried 
flowers. A medium containing mahua flowers in 
20% concentration (macerated in a food blender and 
extracted at i8o''F. for 30 min.) is u.sed for fermenta- 
tion : addition of 0.2 c).6‘X. of ammonium sulphate 
or phosphate, or 5% spent flowers to the medium 
gives hetrer yields. Fable 6 shows the cpiantity and 
value of mahua flowers consumed in Indian dis- 
tilleries during the period i95o-ic;54. There has been 
a Fall in the consumption of mahua flowers for the 
produc tion of alcohol in recent years due largely to 
the increased use of molasses as raw material. How- 
ever. the use of mahua flowers for alc'ohol produc- 
tion is likely to continue in localities where they are 


TABl.E fr-CONSUMPTION OF MAHUA FLOWERS BY DISl'II.LERS 
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Val. 


(tons) 

(Hs.) 

I ‘>50 

7,I.S4 

IO,5l,.SS3 

V)5\ 

6,624 

11,12,622 

I9.S2 

l,8.S2 

3,76.624 

I'V.vV 

2,005 

.3,61.823 

|y.S4 

.1.672 

4,99,927 
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available ai low cost and where alcohol is intended 
for use as potable spirits (Chatterji, /. sci. iiidmtr. 
Res., 1944 45, 3 , 265 : Maude c/ al., Industr. 

Chou., 1949, 41 , 1451 : Rcl>. Alcohol Comm., Minist. 

(Sl Ind., Govt, ol* India, 1956, 29). 

The llowers arc used for the preparation of 
vinegar. They have also been tried for acetone fer- 
mentation. A syrup of good (piality is prepared 
from the llowers by extraction with hot water, clari- 
fication with activated charcoal and evaporation 
under vacuum. 'I’he syrup (sugar content, 61%) has 
a golden yellow colour with the odour of fresi) 
llowers. It is suitable for use in jams and sweetmeats 
and as a substitute for honey (Thorpe, VI F, 470: K 
655 ; Gokhale, J. Indian Insl. Sci., 1925, 8A, 84 ; 
Walawalkar, /. Indian chem. Soc., 1936, 13 , 657 : 
Sutaria ^ Magar, /. Iiidian chem. Soc., industr. Edn, 

'955- 75)- 

The llowers are used as feed for livestock ; spent 
flowers after fermentation arc also used as feed. 
They are relished by cattle and wheti fed as a part 
of the concentrate mixture, they have no adverse 
effect on the yield and tpialily of milk. The nutri- 
tive value of the llowers as shown by feeding trials 
on Kuniaoni hulls, is as follows (dry basis); digestible 
crude protein, 3.68 ; total digestible nutrients, 73.7 ; 
and starch e(|uivalent, 55.1 lh./ir)o Ih. 'I'lie llesh 
of animals, particularly [tigs, fed on mahua 
llowers ac(|uires a delicate flavour (Thorpe, I, 655 : 
Chandra cV Johri, Proc. Indian Sci. Congr., 1953, 
pt III, 251). 

Mahua llowers are regarded as cooling, tonic and 
demulcent. 1"hey are used in coughs, colds and 
bronchitis. Mahua llowers show anti-hacterial acti- 
vity against Escherichia coli. The honey from the 
llowers is edible and is reported to he used for eye 
diseases (Kirt. Basil, 11, 1489; U.S.D., 1947, 1359 : 
Joshi cV Magar, ]. sci. industr. Res., 1952, IIB, 261 ; 
Schery, 343). 

Mamua Tl^tIu•:R 

Mahua tree yields a constructional timber, hut the 
tree is too valuable to he felled for this purpose 
unless very old. The sapwood is reddish white to 
brownish while ; heartwood light to dark red or 
reddish brown, dull. The wood is more or less 
straight- or shallowly interlocked-graincd. coarse- to 
even-textured, very strong, hard and heavy (sp. gr., 
0.95-0.97 : wt., 61 62 Ih./cu. ft.). 

Mahua wood is refractory and liable to split and 
crack. Green conversion of logs, followed by immer- 
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I IG. 7h. MAUHUCA INDICA-I UANSVI-KSF ShCllON OF WOOD 1^10 

sion in water and suhse(|ueni drying of (jlanks under 
cover in fairly close piles, has ’been recommended. 
The wood is durable : graveyard tests sliow an aver- 
age life of 10-15 years. It lasts exce[)tionally well 
under water. The lieaitwood is dilVicult to treat with 
antiseptic oil hut the sapwood treats readily. It is dilli- 
cull to saw hut planes easily to a dull smooth surface 
and lakes a fair polish. It turns well on a lathe hut 
rc‘(piires a good dc\al of hand finishing. I’lie data for 
the comparative suitability of A/, indica timber, 
expressed as percentages of the same properties of 
leak, are: wt., 135 : strength as a beam, 75 ; stiffness 
as a beam, So ; suitai)ilily as a post, 75 ; shock- 
resisting ability, too ; retention of sha|)e, 50 : 
shear, 120; and hardness, 165 (IVarson & Brown, 
11, ^>73 78 ; (iainhle, 44S ; Trotter, 19^4, 12: 

Purushotham et al., Indian For., i(;53, 79, 49 ; 
Limaye, Indian For. Rec., N.S., I'imh. Mech., 1954. 
1 , 45, Sheet No. 4). 

The wood is used for building purposes as beams, 
door and window frames and especially posts. It is 
used for carriages, furniture, turnery, sports goods, 
musical instruments, oil and sugar presses, ship 
building, boats, bridges and well construction. Well- 
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seasonal wood is suitable for agriculliiral iinple- 
iiients, drums and carving. It has been tried for 
railway sleepers. It is a good fuciwood ; calorific 
value: .sY/p:c’oor/- 4,890-4,978 cal., 8,802 -8,962 B.t.ii. ; 
/uY/r/ie’oor/- 5,005-5,224 cal., 9,010 9,404 B.t.u. (Pear- 
son & Brown, II, 673 78 ; Kapadia, /. Gujarat Res. 
Soc., 1954, 16 , 15, 20-22 ; Krishnamurti Naidu, 46 ; 
Krisbna & Ramaswanii, Indian For. Bull., N.S., 
No. 79, 1932, 12). 

Minor Usks 

Mabiia berries are eaten raw or cooked. They arc 
also eaten by cattle, sheep, goats, monkeys and 
parrots. They are also medicinal (Dastur, Useful 
Plants, 140 41 ; lyyar & Reddy, Indian For., 1942, 
68 , 435 ; Bent hall, 292 : Lewis, 247). 

Analysis of the ripe fruit gave the following 
values: moisture, 73.64; protein, 1.37; fat (ether 
exit*.), 1.61 ; carbohydrates, 22.69; and mineral 
matter, 0.69%: calcium, 45 log. ; phosphorus, 
22 mg.; iron, 1.1 mg.; carotene (as vitamin A), 
512 i.ii. ; and avScorbic acid, 40.5 mg./ 100 g. ; tannins 
are present. The fruits collected near the ripening 
stage are rich in starch ; the starch is hydrolysed 
into sugars within 2-3 days after plucking. The 
fruit pulp may be used as ;i source of sugar 
for alcoholic fermentation ; one ton of dry fruits, 
freed from seeds, yield c. 29 gallons of absolute 
alcohol (Rej^. Dep. 'Nulr. Govt. Ihnnbaw 1957. 26 ; 
lunvler & Dinanath, /. Indian Inst. Sci., 192^, 
6 , 13,). 

Steam-distillation of fruits yields 0.03V0 of a bright 
yellow volatile oil with a spicy odour. It has the 
following constants: sp. gr.“\ 0.8945; » 

|'i|„, 9.0'’ ; acid val., 27.8 : sap. val., 60.92 : and sap. 
val. after acetylation, 137.2. The oil contains: ethyl 
cinnamate, 22.7 ; M-terpineol, 3.5 : and scs(|uiter- 
pene and scsijuiterpene ;dcohol, 67.9V0 (Nigam & 
Dutt, Indian Soap ]., 1945-46, 11 , 13 1). 

Mabua leaves arc astringetit and arc used in 
embrocations. Leaves are eaten by cattle: they arc 
also used as green manure. Atialysis of green leaves 
gave the following values: moisture, 78.95; organic 
matter, 19.60 : N, 0.43 ; mineral matter, 1.45 ; potash 
(KoO), 0.43 ; phosphoric acid (PjO.), 0.087 ; and 
silica, 0.10% (Kirt. & Basu, II, 1489: Chopra, 1958, 
358 ; lyyar & Reddy, loc. cit. ; Mollison, /IgriV. 
Ledger, 1901, 36). 

A milky latex exudes from incisions and cracks 
made in the bark. On coagulation it yields a rubbery 
product resembling gutta percha. Analysis of various 


samples of coagultim gave the following values: 
caoutchouc, 12.2 -19.9 ; resin, 48.9-75.8 ; and insolu- 
bles, 11.9-38.9%. The hark contains 17% tannin and 
is used in dyeing and tanning. It is used also for 
rheumatism, ulcers, itches, bleeding and spongy 
gums, tonsilitis and diabetes mellitus. It is given to 
horses for stomach-ache. The roots are applied to 
ulcers (Shankernath, Indian For., 1906, 32 , 399 ; 
Budhiraja & Beri, Indian For. Lcafl., No. 70, 1944, 
9; U.S.D., 1947, 1359; Hooper, Agric. ledger, 1902, 
46 ; Kirt. & Basu, II, 1489 ; Dastur, Medicinal Plants, 
150 ; Rama Rao, 237 ; Bressers, 86), 

M. neriifolia (Moon) H. J. Lam syn. A/. 7 )ialal)a- 
rica Parker ; Bassia malahariea Bcdd. is a small to 
medium-sized tree found on the western coast and 
ghals from Kanara southwards, usually along banks 
of streams. It is often not discriminated from M. 
longi folia. The wood of this tree is liable to attack 
by borers ; it is scarcely used except as fuel (Talbot, 
II, 160). 

A/, hourdillotiii (Gamble) II. |. Lam syn. Bassia 
hourdillonii Gamble (Mal. Tliandidivan) is a 
niedium-si/ed tree found in parts of Travaiicore up 
to an altitude of 300 in. It is reported to yield strong 
timber of good ([iialily (l"l. Madras, 763). 

Madhuca butyracca — .see Diploknema 

MAERUA Fo rsk . (( '.a p pa ri daci v/e) 

A genus of climbing shrubs or small trees d.islri- 
buted in tropical Africa and Asia. One species occurs 
in India. 

M. arenaria Hook. f. 6 ^ rhoms. 

Kl. Br. Ind., I, 171. 

Gifj. — Vika, vaka ; Tv.l. - Bhucakraniu, puttatige ; 
Tam. — Muhnurandai, hhuniiehakkarai. 

A large woody climbing shrub found in dry areas 
in Punjab, upper Gangetic plain, Madhya Pradesh, 
Rajasthan, Gujarat, lieccan and Carnatic districts 
from Godavari southwards. Leaves ciliptic-ohlong ; 
flowers white or greenish yellow, in corymbs ; berries 
elongated, twisted, knotted, deeply constricted 
between seeds. 

The root of the plant resembles licpiorice root 
in appearance and taste, and is said to jiosscss 
alterative, tonic and stimidant properties, nic 
unripe fruit of a variety, var. glabra Hook. f. & 
1 'homs., recorded from Punjab, upper Gangetic 
plain, central and South India, is eaten after 
being boiled (Nadkarni, I, 760 ; Kirt. & Basu, I, 190 ; 
Duthic, I, 51). 
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MAESA Korsk. {Myrsinaccac) 

A large genus of shrubs and small trees distributed 
tbroughoiit the tropics of the Old World. About 25 
species occur in India. 

M. indica Wall. 

D.E.P., V, 106; FI. \^v. Ind., Ill, 5(Kj; Talbot, H, 
Fig. 367. 

— Ranijatii ; Mak. Alki ; Kan. -Gudde- 

hargi ; M.\l. - Kiriilii. 

Gakuwai . — Gadchianay jiundali ; Kumaon — Na^a- 
padlirra ; Nepal — RUaunc ; I jV.vciw— Purmo-kun^ ; 
Assam — Azviuhpat, fuachh-pora ; Kuasi— D iVng- 
S(dij(d(htyrkai ; Gako— Samnakfiatok ; Lushai — 
A rnifcn. 

A shrub or small tree, i. 2-9.0 m. high, found in 
hilly regions almost throughout the greater part of 
India ascending up to 1,800 m. lA*aves elliptic-lanceo- 
late or ovare-ol)long, regularly or irregularly serrate- 
dentate ; flowers wliitc, fragrant, in axillary racemes ; 
fruit a small globose berry, c. 3.0 mm. diam., pinkisli 
white, succulent when ripe. 

The leaves of the plant are used in curries in North 
Kanara. I'hc fruits arc edible and are considered 
anthelmintic. Both leaves and fruits are used as fish 
poison ; extracts of branchlcis, leaves, bark and stem 
exhibit insecticidal activity. The wood of the plant is 



FIG. 77. MAESA INDICA-FLOWERING BRANCH AND FRUITS 


soft ; it is used for house posts and as fuel. Var. 
perrottciiaua C. B. Clarke (syn. M. perrottctiana A. 
DC.), found in western ghats, has uses similar to 
those of A/, indiai (Talbot, II, 145 ; Kirt. & Basil, II, 
1483 ; Cooke, II, 82 ; Ileal cl aL, Lloyd ia, 1950, 13 , 

M. ramentacea Wall. 

FI. Br. Ind., Ill, 508. 

Assam — Seketia ; Khasi — I)icn}r~soh-rii-i(ir ; Naca 
' La jack io ; Gako Bul-jakhaudoky thchcloa ; 
ViSAKiiAPA'iNAM — Kokkidi. 

A small tree, 7.5 9.0 m. in height, found in Nepal, 
Bhutan, Assam and north-east Himalayas, Ananta- 
giri hills (Visakhapatnam) and Andaman Islands. 
Leaves ovate-lanceolate to elliptic-lanceolate ; flowers 
white, in axillary compound racemes ; fruits small, 
succulent, dull brownish white. 

The wood is pale brown or brown and fairly hard ; 
it is used for treenails in boal-huilding. In Malaya, 
pounded leaves are used as an external application 
for itches and other skin affections (Kurz, II, 99 ; 
Burkill, II, 1392). 

A/, argcnlca Wall. (Hindi P/m.serr/, gogsa) is a 
large shrub with elliptic or elliptic-oblong leaves and 
whitish or pale greenish yellow flowers found in the 
outer Himalayas from Garhwal to Sikkim and Khasi 
and Jaintia hills up to 2,4cx) m. It bears globose, 
pinkish or nearly white, succulent berries which arc 
eaten by hill tril)cs. 

Af. chisia 1 ). Don (Assam Susi-porma ; Khasi - 
Ja-siciy dieng-ja-sim ; Nepai.- Bilouni ; Lepciia — 
Purmo-kung) is a shrub or small tree with lanceolate 
or ellij)tic leaves and white, spongy, juicy fruit 
found from Nepal to Assam ascending uj) to 2,i(X) m. 
Voting shoots and fruits are eaten. Roots, bark, 
branchlets ami leaves are reported to show insecti- 
cidal activity (FI. Assam, III, 164 ; Heal ct al., 
[Joydia, 1950, 13 , 132). 

A/, iiiacrophy/la Wall. (Kumaon — Phusvra ; Nepal 
— Bogota ; Lepciia — Kalun-kinig) and Af. rugosa 
(]. B. Clarke are large shrubs or small trees found in 
eastern Himalayas from Ncjial to Bhutan and in 
northern Bengal. The wood of these plants is light 
brown ; the sapwood is resinous. 

A/, pyrifolia Mitj. syn. A/, indica var. lalifolia 
Hook. f. & Thoms, is a small shrub or tree with ovate 
leaves found in Khasi hills. The leaves and bark of 
this plant arc reported to contain a saponin and pro- 
bably a chromo-glycoside (Welnner, II, 925). 
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MAGNESITE 

Magnesite (MgCO, : 11 ., 3 - 5 - 4-5 ’ g*'- - 3 - * 3 ) 

(Kiiirs ill crystalline and cry|)l()-crysralliiie forms, 
associated with iron oxide, lime and silica. The 
natural crystals belong to the trigonal system and are 
isomorphoiis with the carbonates of calcium or 
calcium and magnesium (calcitc or dolomite). 

'The crystalline variety is usually found in bedded 
deposits associated with limestone and dolomite. It 
is reddish brown in colour, due to the presence of 
ferruginous impurities, and shows distinct lines of 
cleavage. The amorphous variety occurs in irregular 
veins or fracture zones of ultrabasic rocks, such as 
peridotite, serpentine, dunite and steatite. It is usually 
while in colour and chalky in structure. 

4 ’he principal magnesite producing countries of the 
world are Australia, Austria, Canada, Otvere, India, 
U.S.A., U.S.S.R. and Yugoslavia (Table i). The 
t'hemical c'omposition of the more important 
magnesite deposits of the world is given in Table 2. 

l)isnmu”rio.\ i\ India 

Magnesite occurs mainly in Madras and Mysore 
Stales and in Uttar Pradesh. The estimated reserves 
in workable deposits are over no million tons. Of 
these, S3 million tons occur in Madras State. 

Andhra Pradesh — In Kurnool district, appreciable 
(plant it ies of magnesite ocTur associated with steatite 
near Muddavaram ( 15^30' : 7S”6') and Musala' 
cheruvu near Betamcherla. 'Phe mineral is mixed up 
with calcareous and clayey impurities : the deposits 
arc not exploited (Krishnan, Mem. e^eoL Snrv. hidia, 

i(;5i, 80, H)()). 

Bihar In Singhbhum district, talc-magnesite rocks 
carrying streaks and stringers of magnesite occur 


TABU- l-PKOUUCTION OF MAGNESITE IN SOME PRINCIPAL 
PRODUCING COLINTRIliS^ 

(in tlioiis.'iiul metric tons) 



1957 

1958 

1959! 

Aiislri.i 

1,173 

1,221 

1,116 

li.S.A. 

615 

447 

539 

Yii^nsLn ia 

1\1 

223 

229 

India 

99 

194 

158 

Aiistnili.i 

84 

69 

56 

(in-fic 

47 

79 

68 

World loial 
(incl. others)! 

5,109 

5,499 

5,.t99 

• Indian Minerals Yvarboak, Indian hurcau of Mines, 

1959, 216 ; 


t Ksli mated. 


TABI.n 2— CHEMICAL COMPOSITION (%) Op THE IMPORTANT 
MAGNESITE DEPOSITS IN VARIOUS COUNTRIES 



dgO 

CaO 

rc,o,& sio. 

AljO, 

a),& 

11,0 

Caiiiada 

38.4 

9.5 

1.9 1.7 

49.4 

India 

46.6 

9.5 

9.2 1 .0 

51.7 

Clreeee 

46.4 

0.7 

9.4 1.4 

51.1 

II.S.S.K. 

44.1 

3.8 

9.9 9.6 

59.6 

U.S.A. 

43.5 

1.0 

1.5 1.5 

52.5 

Anstri.'i 

43.1 

1.1 

4.3 1.6 

49.9 

TABLE 3— ANALYSES 
CHALK HILI 

(Vf) OF MAGNESriE ORE 
S AREA, .SALEM DIST.* 

1 

FROM 

3 

Si lira 


1.85 

9.79 

9.6 

Iron oxide 

& .'dumina 

9.98 

0.49 

9.3 

liiine 


9.81 

9.(>9 


M.'i|;ncsia 


46.41 

47.85 

47.40 

Loss on j;;nition 

59.64 

.^9.49 

51.79 


* Aivciigar, liuH. Sure. India, Scr. J, No. 6, 195.^, 19. 

I. data su])j)1ieri hy Muj^nrsitr Syndinilc, Salem ; sample 
t'rom (aiettichavadi ; .L samt)lc from Salem area. 


on Pathar Pahar hill near Bhitar l.)ari (22"42':S6"i i'), 
c. 7 miles from Jamshedpur. The dejiosit is fairly 
extensive, the reserves up to a depth of 50 ft. being 
estimated at 6 million tons (Thiagarajan, Indian 
Miner., 1958, 12, 208). 

Gujarat — In the former Idar state, magnesite 
(breunnerite, ctjntaining 5-7 Vo ferrous carbonate) 
occurs in small (piantities in association with steatite 
near Dev Mori (23'^’3(/ : 73"28') and Kokapur (23°3i': 
73" -7") 1951, 140 ; Coggin Brown &. Dey, 404). 

Kashmir - M'dgncsitc occurs in serpentinous rock 
running east-west along the Kargil Leb road, half a 
mile S.-S.E. of Sbargol. IX’tails are not available. 

Madras — Extensive deposits of magnesite occur in 
Salem district. 'Phe Chalk hills deposit covers an area 
of 7 s(|. miles and extends from the vicinity of Salem 
town to the foot of Shevaroy hills. The de[)osit 
consists of two intrusive masses (150 2(X) ft. high) of 
ultrabasic rock (dimiu's), in which magnesite occurs 
as a network of irregular veins. Some of the veins are 
3 ft. or more in thickness, but the average thickness 
is only a few inches ; mineralised veins form 6-10% 
of the whole mass. The region containing the deposit 
is .separated into northern and southern .sectors by a 
tongue of hornblende and biotite gnei.sscs forming 
the Karangaradu hill. The magnesite-bearing area in 
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the northern sector covers 4.4 sq. miles and that in 
the southern sector, i.i sc|. miles. The total reserves, 
up to a dej)th of 100 ft., are estimated at 82.5 million 
tons. The magnesite Is of high grade, ihc MgCX);^ 
content generally varies from 95 to 97% : picked 
samples contain 99V0. Table 3 gives the analyses of 
samples from Chalk hills area (Coggin Brown ^ Dey, 
405 ; Aiyengar, Bull. Surv. India, Scr. A, No. 6, 
' 953 . '2). 

Magnesite deposits also occur near Siranganur 
(i i"44': 78‘'46'3(/'), Sirappalli (i i"" 12': 77'\97'3<''' and 
Chettipatii (i i°33'3o'' : 77‘’47') in Salem district. 
North of Siranganur village, c. 18 miles west of Salem 
junction, magnesite occurs over an area of 6 furlongs 
longx2oa-4oo yd. wide. The reserves, up to a depth 
of 50 ft., are estimated at 105,000 tons. About 5 fur- 
longs west of Sirappalli, a deposit (estimated reserves 
up to 50 ft. depth ; 325,tx)o tons) has been located in 
a low ridge. The reserves of magnesite near Clietii- 
patti are estimated at 50,000 tons within a depth of 
50 ft. 


Magnesite occurrences havx also been found near 
Siddharkovil (i i “37'3o" : 78'^ r45"), Kundamalai 
(> '''43' •• 77 ° 5 >')< Valaiyappatti (i i"7'24" • 7 ^^ * 34 ^") 
Jangainanayakkanpatti ( ii ° 1 2' : 78*^02'), Villiyappan- 
patti (i : 78'^'6'), Puliyampatti (1 i^'9'2o'' : 

78 ■ 5'45"), Kuppampalaiyam ( 1 1 'Ao'yy" : 78"" i2'45''), 
Ariyurpatti (i i ' i3'3o'" : 78^o'2o"), Valasiramani 
(i i‘"7'36'' : 78'''2i' 36"). Koncripatti (i i” 1 1^24'' : 78^27'), 
Tandakavundanur (1 1 “33' : 78^23'), Tiruppangili 
Thevur (i i : 77 '' 4 . 5 > 0 . 
Kanjanur (1 2'^‘ it/ : 78“28'). Thammampatti (i 
30" : 78'’29') and a few other localities in Salem and 
'riruchirapalli districts (Aiyengar, Bidl. geo/. Surv. 
India, Scr. A, No. 6, 1953, 21 ; Krishnan, Mem. geo/. 
Surv. India, 1951, 80 , 201). 

Tn Ck)iml)at()re district, small occurrences of magne- 
site have been reported near Uttamapalaiyam 
(i I ‘^2'3o'' : 77^38') and Sikkam|)alaiyam (i i"5'45" : 
77 37 45 ) I Narayaitaswami, Rcc. Sinv. India, 

1950, 83 (i), 149]. 

Mysore — In Mysore district, magnesite occurs in 



/Vio/o ; Dalmia ^^(^l^ncsitc Corfmraliou, Salem 

FIG. 78 . VEINS OF MAGNESITE IN CHAIK HILLS. SALEM 
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Photo : Dahnia Magnesite Corfyoration^ Salem 

FIG. 79. OUTCROP OF MAGNESITE IN CHALK HILLS, SALEM 


parclics, c. 15 miles south-west of Mysore city, at 
Dodkanya, Ultaiialialli, Solepur, Kadakola, Chikkat- 
till*, Talliir, Sindhuvalli, Chattanhalli, Goriir, l)od- 
kattiir, Mavinhalli, Kiipya and Yelwal. In llassan 
district, poorer deposits of magnesite occur near Hole- 
narsipur. Sunnakal, 1 losur, Dodkadniir, Kahhiir, 
Idegondanahalli and Hardniir. 

The more important deposits are located at Dod- 
kanya, Dodkattur and Solepur. The Dodkanya depo- 
sit (overs an area of 147 acres and is ])cing worked by 
the 7 \//a Iron & Siccl Co. I Ad. The Dodkattur area 
contains c. 2t),cxK) tons of magnesite of fairly good 
(juality (Aiyengar, Bull. geo/. Sttrv. India, Scr. A, 
No. 6, 1953, 8). 

Magnesite deposits also ocrur near Daroji 
(>5 *5'.V^ '*7h"4o') in Bellary district and near Serin- 
gala (i2''22'3o" : 75"‘3r) and I'raserpet {i2°27' : 75”58') 
in Goorg (Krishnan, Alcm. geo/. Sitrv. India, 1951, 
80 , 199). 

Rajasthan In Ajmer Merwara, magnesite occurs 
in small (jiiantities near Sendra (26” : 74" 12'), Kala 

Dania (26^’ 2' : 74" 13'). Kundal (26"o' : 74" f i') and a 
few other localities. Sizeable deposits are found in the 
western |)art of the former Dungarpiir state : Ineiin- 
nerite has been reported in adjoining tracts. Tn 
Jodhpur division, magnesite occurs in small ejuan- 
tities near Patan (26 ’ 13': 74^^ 14') (Roy, Mem. geol. 
Sitrj. India, 1959, 06 , 224 ; Karimakaran, Rec. geol. 


Sttrv. India, 1958, 88(1), 126 ; Coggin Brown & Dcy, 
4 « 4 l- 

Uttar Pradesh -In Alinora district, magnesite of 
good (piality (Mg(.), 4<v;n) occurs as narrow hands of 
variable thickness in massive dolomite between 
St)meshwar and Bageshwar, near Agar (29''48': 
79"4i'), Glihauna (i 9 '' 47 ' : 79 '’ 43 '). Dewaldhar (•29^'47' 
30" : 79^‘55'). Chhani (29^47' : 79^47') 

(29°46' : 79‘'47'). i'he Agar Chhauiia deposit, running 
along the Someshwar-Bageshwar tiark, is fairly 
extensive ; the heir is composed of two hands, 
20-30 ft. thick, and covers a distance of c. 2 miles 
from east of Agar through Girechchina (29*^48': 
79"' 42'). Near Dewaldhar. magnesite occurs in two 
out(:ro|)s, one east of the locality and the other c. 1 
mile S.-S.W. of C'haugaon Ghina (29‘^’47' V* ' • 
79^46'); another outcrop, about 1.5 miles long, con- 
taining considerable reserves has recently been 
located. Detailed pro.specting and proving operations 
undertaken since March i(;56 in the 3 sectors of 
Someshwar-Bageshwar region viz. (/) the western or 
Agar GircThchina sector, (ii) the eastern or Girech- 
china Chhauna sector, and [Hi) the Dewaldhar 
sector, have shown that the first sector alone con- 
tains c. 2.30 million tons of average grade magnesite 
(MgO, 40.8-43. 1 Vo) and 1.05 million tons of low 
grade magnesite (MgO, 29.5-33.7 ‘X«) * re.serves in 

all the three sectors put together have been estimated 
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at lo million ions of average grade inagncsifc 
{Indian Minerals Yearbook, Indian Bureau of Mines, 
1959, 212). 

Sixiy miles east at Alinora town, magnesite, asso- 
ciated w^ith talcose material, occurs in dolomiiic lime- 
stone at Dewal Thai (29^42' : 80® i2'3o"). The deposit 
is fairly extensive. Crystalline magnesite occurs also 
at Chandog (29°43' : 80" i *')» Salsilang (29^37' : 80" 14'), 
l^hadiari (29^43' : 79'^ 54') and Jakhera. 

Considerahle reserves of magnesite occur in dolo- 
miiic country rock near l>)ha, Jhiroli, Bhurgaon and 
Pagnakhol, Bauri (29''44'i5'' : 7(/’48'3()"), Salia 
(V4y:79"54'>5"). Kafalket ‘ (29" 37': 80° 18') and 
Chamagaon (29''37'45'' : 80" i4'i3"). The occurrence 
near Bauri a|)pears to be extensive : c. 300 ft. longx 
100 ft. wide. Refractory bricks of good (juality can he 
obtained from Doha magnesite |Nath, Rec. ^l^eoL 
Snrv. India, 195S, 87 (i), 114; Sonclhi & Nath, ibid., 
1948, 81 (i), hi : Rao et al., Trans. Indian eeram. Soe., 
1958, 17 , 67 : Indian Miner., 1959, 13 , ih8|. 

Minin<; and Tkkatment 

In 1959, in all 9 magnesite mines— 6 in Madras 
State and 3 in Mysore State — were in operation in 


the country. All the mines are worked by open-cast 
method and usually recover the ore manually ; in 
certain areas mechanical aids, like power winches 
and pneumatic: hammer drills are used. The ore 
mined from the Chalk hills (Madras State) and 
Dodkanya or Dodkattur (Mysore State) deposits are 
of fairly good (jiiality ; they are henelicialed by hand 
dressing and used in the manufacture of firebricks. 
Sometimes the ores, as mined, are too impure to 
permit direct utili/ation of hand dressed ore: they 
are usually heneliciated by scrc'ening or hydraulic 
separation for removing silica, talc, etc'. Further 
purification can he eifectc'd by froth llotafion, using 
sodium silicate in the presence of acids or acid salts 
as depressors and oleates or oleic acid, as collectors. 
In some cases, reversed flotation has hc'en applied 
and the gangue is floated, alter the addition of 
creosote oil (Kirk cV ()t Inner, V^III, 597). 

I'he Chalk hills deposits have hevn exploited since 
1902 by the Magnesite Syndicate Ltd., Suramang.i- 
1 am: other lease holders are: the Salem Ma^jiesite 
Ltd., Bombay and the Dalmia Mat^nesite C'or/mre/- 
tion, Salem. Fhe Mysore deposits are exploited by 
the Tata Iroji cV Steel Co. iJd. 



Pholo : Dalmia Magnesite Corfinratioa, Salem 

FIG. 80 . ORR DRE.SSING OF MAGNESITE 
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Propeuhes and Uses 

Magnesite dissociates on heating into magnesia 
and carbon dioxide. When calcined in a shaft or 
rotary kiln at 800-850°, it is converted to ‘caustic 
magnesia’ which, owing to incomplete dissociation, 
still contains 1-2% carbon dioxide as carbonate. 
When the mineral is calcined at 1,600-1,800°, carbon 
dioxide is expelled completely and a dense product, 
‘dead'hiinu magnesia’, is obtained. Fused magnesia 
is ol)tained by heating magnesite in an electric 
furnace at 2.5cx>-voo()° : it is resistant to the action 
of mr)lten meials, basic slags and Huxes at high 
temperatures. 

Magnesite is used largely in the manufacture of 
refractory bricks and as monolithic linings for open- 
hearth steel furnaces, smelting and refinery furnaces 
for lead, copper and nickel, and rotary kilns for the 
manufacture of portland cement. Refractory bricks 
arc made by grinding dead-burnt magnesia (and 
chrome ore) with water in a pan mill and pressing 
it into shape in moulds. Processes for the protluction 
of basic refractories used in lining basic open-hearth 
furnaces have been develo|)ed by the National 
Metallurgical [.naboratory, Jamshedpur; caustic 
magnesia, magnesium chloride and graded dcad- 
hurnt magnesia or a mixture of dead-burnt magnesia 
and chromite are the ingredients employed. 

Fused magnesia is employed in the form of mould- 
ed vessels and as compressed material for covering 
resistance elements in the melting of lead, tin, type 
metal, etc. 

(Caustic magnesia is a hygroscopic material similar 
to (|ui( klime ; if calcined at much higher tempera- 
tures, the material loses its cementing property. 
Caustic magnesia is used in the manufacture of Sorel 
(magnesium oxychloride) cement and as a filler in 
paper, paint and rubber industries. It forms the start- 
ing materird for the jiroduction of magnesium sul- 
phate, cldoride, silicate atid other commercial magne- 
sium salts. Magnesium metal is obtained by the 
electrolysis of anhydrous or partially hydrated 
magnesium chloride. 

Sorel cement is obtained by treating powdered 
caustic magnesia with magnesium chloride solution. 
The magnesia retiuircd for this purpose should con- 
tain not less than 90% MgO and c. 2.5% free CaO : 
the concentration of iron oxide, alumina and silica 
should he very low. Sorel cement is hard-setting with 
high compressive strength, and dimensional changes 
in .setting are very slight. These properties are taken 
advantage of in the use of the cement for statuary 


and decorative mouldings. It is used also in adhesive 
compositions, artificial stones, flooring tiles for use in 
railway carriages, kitchens, bath rooms, etc. and 
roofing and insulating compositions, and as a binder 
for fuel britjuettes and refractory bricks. 

Caustic magnesia and dead-burnt magnesia are 
produced by Magnesite Syndicate Ltd. at Salem. 
Dalmiu Magnesite Corporation have installed in 
'959 plant for the manufacture of dead-burnt 
magnesia at Chettichavadi Jaghir near Salem. 
Table 4 gives the analyses of caustic and dead-burnt 
magnesia produced by the Magnesite Syndicate Ltd, 
Magnesite bricks for use in steel furnaces arc pro- 
duced by Tata Iron & Steel Co. Ltd., Jamshedpur 
and Bttrn & Co. Ltd., Calcutta. The Tala Iron cV 
Steel Co. Ltd. is setting up a new refractory unit, at 
a cost of Rs. 38.8 million, in collaboration with 
Didier-Werkel of West Germany. ’I'his unit would 
make chrome-magnesite bricks, fire-clay bricks and 
silica bricks ; the unit when completed will rccpiire 
c. io,o(x) tons of calcined magnesite per annum. 
The Burn d-r" Co. Jjd arc likely to set up shortly 
a factory at Salem for the manufacture of magnesite 
and chrome-magnesite refractory bricks utilizing 
local magnesite. A new unit, being set up by Orissa 
Cement Ltd., at Rajgangpur would soon commence 
manufacture of magnesite monochrome and chrome- 
magnesite bricks: it will consume 12,000-15,000 tons 
of dead burnt magnesia per annum. The com- 
position of magnesite used in the manufacture of 
bricks is as follows: MgO, 46.3-46.7 ; SiO;., 0.9-1. 2 : 
AbO.,, ]J>o. 14; Fe^O;,, 0.28 0.72: and CaO, ^i. 
Chrome-magnesite bricks arc produced at pre.sent by 
Belp/iar Refractories, Orissa using calcined magne- 
site [Aiyengar, Btdl. geol. Surv. India. Ser. A, No. 6, 
1953, 33 : iMigincer, Indian Const r. Nezes, 1959, 8(8), 
109 : Res. & Ind., i960, 5 , 109 : Indian Minerals Year- 
book, Indian Bureau of Mines, 1059, 213]. 


TABI.H 4— ANALYSES OF CAUSTIC MAGNESIA AND DEAD-BURNT 
MAGNE.SIA FROM CHALK HILLS AREA, SAIEM** 


Silica 

(laiistic 

magnesia 

t\f 

0 

3.39 

Ikad-burnt 

magnesia 

0 / 

3.59 

Iron oxide alumina 

0.14 

1.07 

I.inic 

1.48 

1.02 

Magnesia 

93.18 

92.13 

Loss on ignition 

1.81 

0.15 


* Aiycng.'ir, Bull. .tfco/. Surv. India, Ser. A, No. 6, I9.S3, 34. 
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TABLE 5— PRODUCTION OF MAGNESITE DURING 1948 - 60 
(Qty in metric tons ; val. in thousand Ks.) 




Qty 

Val. 

1948 52 (av.) 


80,930 

1,356 

195.1 


94,237 

1,825 

1954 


71,639 

1,453 

1955 


58,432 

1,256 

1956 


93,183 

1,846 

1957 


90,312 

1,759 

19.S8 


104,236 

1,793 

1959 


157,967 

2,435 

196()t 


l.S6,.33l 

2,683 

t Provisional. 




TABLE 6-STATE-WlSE PRODUCTION OF’ 
DURING 1956-60 

MAGNESITE 

(Qty in 

metric tons ; val. in thousand Rs.) 

Madras (Salmi) 

Mysore 

Total 

Qty 

Val.' 

'qiv VaL 

Qty Val. 

1956 9.1,18.1 

1,846 

. . 

93,183 1,846 

1957 88,924 

1,681 

1,.188 114 

90,312 1,795 

1958 10(),.S.S8 

1,610 

.1,678 183 

104,2.16 1,79.1 

1959 154,281 

2,282 

.1,686 153 

157,967 2,435 

1960t 151,886 

2,404 

4,445 279 

l.‘i6,.131 2,683 

t Provisional. 





TABLE 7-EXPORTS OF MAGNESIIE 


(Qly in metric tons ; 

\\'il. in thousand Rs.) 


Year 

Qly 

Val. 

1948/49 1952/53 (av.) 

.14,312 

3,334 

19.S3 .S4 

40,029 

4,224 

19.S4 .S5 

23,384 

3,585 

19.55 .56 

26,901 

4,168 

1956 (April to Dec.) 

26,100 

4,608 

1957 

21,786 

3,649 

1958 

19,899 

3,207 

1959 

27,988 

4,715 

1960-61 

29,537 

6,367 


Produciion and Tiu\de 

Tables 5 and 6 give the total and state-wise 
[iroducuon of magnesite in India during recent 
years. Tlie bulk of the production is calcined and 
exported (Table 7). The estimated domestic con- 
sumption of magnesite in refractory and chemical 
industries was 25,000 tons in 1959 as compared to 
23,otx) tons in 1958. 

The price of crude magnesite (MgO, 45.5'X.) 'vas 
Rs. 44.30 per metric ton f.o.h. Madras in i960. The 
])rices of top grade, first grade anil service grade 
calcined magnesite were res[)ectively Rs. 249.70, 
Rs. 20S.20 and Rs. 153 41 per ton f.o.h. Madras. Bulk 
price of dead-hurnt magnesite in i960 was Rs. 211.60 
per metric ton. 

Magnetite — .sc(’ Iron Ores 

MAGNOLIA I ami. (A/i/gnoZ/V/civ/c) 

A genus of trees or shrubs distributed in North 
and Central America, West Indies, South-East 
Asia, China and japan. About 10 species are found 
in India and some exotics are cultivated for 
oVnament. 

Magnolias thrive best in moderately rich, moist 
and porous soil, and are suitable for medium to high 
elevations ; at low elevations they remain stunted. 
Propagation is done by seeds, green ctit tings with 
heel or by layering : some are propagated by graft- 
ing (Go|)alaswamiengar, 279 ; Johnstone, G. H., 
24 -- 33 )- 

M. campbellii 1 look. f. Thoms. 

D.E.P.. V, 107 ; FI. Br. Ind., I, 41 ; Johnstone, 
G. H., PI. 2 & 3. 

Nepal -Li// clunup, clia^up ; Lepciia — 

SifruDi^rip, ^ok ; BiurrAN Pcudilcr, patairari. 

A handsome deciduous tree, 18-24 m. in height 
and 3 .o-^ 3.6 m. in girth with a hole 9 15 m. long, 
found in eastern Himalayas at altitudes of 2,100- 
3,o(K) 111. and in Manipur ; it is cultivated in Nilgiris. 
Bark dark coloured, almost black on branches : 
leaves elliptic-ovate or oblong ; flowers pink or white, 
15-25 cm. diam. ; fruits 15-20 cm. long. 

The tree is reported to be useful for lilling up 
blanks in lea plantations at high elevations, where 
the choice of species is limited. 'I'lie wood is yellowish 
white, soft and light (wt., 25 Ib./cii.fl.) with firm, 
compact, lustrous grain. It is used for planking and 
tea boxes ; it presents a beautiful colour in panelling 
(Gamble, 9-10 ; Macalpine, Tocklai exp. Sin. Mrtuor., 
No. 24, 1952, 142 ; Howard, 316). 
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M. grandiflora Linn. Bull Bay 

Bent hall, 3 ; Krishna (S: Badhwar, J. sci. ifulitslr. 
Ri s., 1947. 6(2). suppl., 12, rig. 3. 

JIiNDi -AiidaclKunlniy him cliamlJa. 

A handsome cvergeen pyramidal tree, up to 24 in. 
high, native of N. America, cultivated in Indian 
gardens ; it does well u|) to an altitude of 2,100 in. 
in the Himalayas and in Nilgiris. Bark smooth, grey ; 
leaves large, ohovate-ohlong or elliptic, glossy above, 
rusty pubescent beneatb, lirmly coriaceous ; flowers 
cup-shaj)ed. 15-20 cm. diam., waxy white, fragrant ; 
fruits ovoid, rusty-tomentose ; seeds brilliant red. 

Most parts of the plant contain volatile oils. The 
perl nine of the llowers (Magnolia Oil) resembles 
ylang-ylang backed up with orange blossom. Steanv 
distillatioti of llowers (from Jammu) gave 0.12% of 
a volatile oil (/f‘" , 1.47S) with a pleasant odour 
( haracteristic of the llowers. Extraction of fresh 
llowers with petroleum ether yields (c. 0.15';..) a 
greenish yellow, brittle concrete (m.p. 58-60'’ ; acid 
val., 28 : ester val., 84) containing c. 10% of a steam- 
<listillable, semi-solid volatile oil. Magnolia oil is not 
extracted on a commercial scale; magnolia perfumes 
of commerce are mostly artificial |Poucher, II, 166, 
168 ; llanda cl uL, ]. sci, imluslr. Res., 1957, 16 A( 5 ), 
suppl., 26: Naves (.V Ma/uyer, 215-16I. 

A volatile oil with an agreeable aroma is obtained 
by the steam-dislillation of leaves in 0.1-0.15% y*^'^d ; 
it becomes viscous on exposure to air. The oil con- 
tains phenols (5%), carbonyl compounds (4%). 
cineole, and a mixture of sescjuiterpcncs and undeter- 
mined oxygenated compouncls (Guenther, V, 383). 

Analysis of seeds gave the following values: 
moisture, 6.94 ; crude protein, 9.(37 ; ether extr., 
46,23 ; c rude fibre, 19.10 ; N-frec extr., 16.70 ; and ash, 
1.96;,. ; glucose, tannin, two carotenoids, phytosterol 
and an unidentified reddish brown substance are 
present. A light yellow volatile oil with a pleasant 
aromatic odour is ohtaineci hy steam-distillation. 
Extraction with petroleum ether yields a fatty oil 
with the following characteristics: , <^*9652 : 

// j-;’ , 1.43: iod. val., 89.5; sap. val., 182.5: and un- 
sapon. matter, 2.83V, >. It contains 20.20% saturated 
acids (mostly palmitic) and 72.63 'X. unsaturated acids 
(oleic and linoleic, the former predominating). The 
oil is suitable for use in soaps and lotions [Clicm, 
Ahsir., 1934, 28 , 6(X37 : 1(938, 32 , 7669). 

The bark of the tree is considered as stimulant, 
aromatic and tonic ; it is reported to he used for 
malaria and rheumaiism. It contains two alkaloids, 
salicifoline (C,.dl.iO:,N) and magnollorine ; the 


iodide of latter is identical with corytuberine methyl 
iodide (Gj..H2,0,N.Cll;,l), Salicifoline and another 
(|uaternary alkaloid, candicine (CnlIpjOaN), have 
been isolated from the roots. The leaves contain 
1 1.8 mg./kg. of carotenes (a-caroteiie, 20/0 of the 
total carotenes). Extracts of the plant cause a rapid 
fall in hlood pressure when administered intraven- 
ously to experimental animals ; they liave no toxic 
effects. The plant contains rutin (Burkill, 11 , 1392- 
(93; Clicm. Absir., 1956, 50 , 6475, 7117 ; lleilbron ^ 
Bunbiiry, I, 609 ; Deuel, 1 , 519 ; /. Phann., Loud., 
1CJ54, 6 , 84; Krewson ik Naghski, Amcr. /. Pharm., 
i(;53. 125 , 190). 

A/, ^ramli flora is the source of considerahle lumber 
in America, known in the trade as Magnolia. It is 
greenish grey in colour and has the consistency of 
maple ; it is used as a suhsiitute for IJriodcndron 
litlildjcra, 'Lhe wood is suilahle for the production 
of Linhleached pulps (Record Hess, 345 ; Clicm. 
Ahslr., 1959, 53 , (9663). 

M. pterocarpa Roxb. syn. A/, sfykciiocarpa Roxb. 
(El. Br. Ind.) 

D.E.P., V, 107 ; El. Br. Ind., I, 41 ; King, Ann, R. 
hoi. (rdn Calculla, 1891, 3 , 207, PI. 53. 

Benc. — Didichamp, anda champa. 

Nvawl— 1^(1 tp file ; As.sam ■rhouihua. haramp 

ihuri-sopa ; L.\KmMiM!K — Balom tiiri. 

A moderate-vsized to large evergreen tree with a 
rounded crown, found in eastern Himalaytus and 
Assam up to an altitude of 9(30 ni. : it is also culti- 
vated in gardens. 1, eaves elliptic, oblong or obovate, 
coriaceous ; flowers white, fragrant ; fruit 20-40 cm. 
long : seeds orange-coloured. 

Teiuier stipules and fleshy buds of the plant 
possess a pleasant pungent flavour and are chewed 
in Assam to blacken gums and teeth. The wood is 
white, even grained, .soft, fairly light and strong. It 
is suitable for tea boxes : it may lie used for plank- 
ing but does not bear c'xposure to moisture. Tbe 
wood is used as fuel in Lakhimpur |Gamble, 9; 
Benthall, 5 : Carter Ik Carter, Rcc. hoi. Siirv. India, 
1921, 6((9), 374 ; El. Assam, 1 , 13]. 

A/, dciiudata Desr. syn. A/, conspicna Salisb. is a 
small tree native of China, reported to be cultivated 
in Calcutta. Its bitter aromatic buds and seeds are 
considered medicinal. In China, the buds arc used 
in seasoning rice. The bark contains two water 
soluble alkaloids, salicifoline and magriocurarinc 
(C,<,II.2:,0.,N.y2HaO, m.]). 200°) ; the latter is identi- 
cal with N-mcthyl coclaurinc methohydroxidc and 
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has a curare-llke action on frogs. The roots contain 
magnoflorine (Kirminger, 629: Biirkill, II, 1392; 
Encyclopaedia Brirannica, XIV, 671 ; CItrtn. /1/?.v/r., 
122^^, 10128; 1952, 46, 5059; 1957. 51, 

2823). 

A7. kohus IXl. is a small tree native of Japan, 
reported to l)e cultivated in the Lloyd Botanic 
(»arden, Darjeeling. A volatile oil (Kahiishi* Oil) is 
distilled from the leaves and twigs in japan. It con- 
tains citral (c. 15%), anetliole (ifv;,,), cineole, eugenol 
and probably methyl chavicol and pinene. The 
flowers contain rutin (0.05'J,,) and the hark, salici- 
folinc I Biswas, Rcc, hot. Surv. India, 1940, 5(5), 434; 
(iildemeister ik Hoffmann, II, 373; Biol. Ahstr., 
1956, 30, 1441 ; Chem. Ahstr., 1949, 43, 8450: 1954, 
48, 2639]. 

A/, ohovata 'I’hiinh. syn. A/. }i\polvnca Sieh. 
/ucc. is a large handsome tree native of Japan, report- 
ed to he cultivated in the Lloyd Botanic (iarden, 
Darjeeling. 'I’hc wood of this speties is used as a 
substitute for iioxwood and for lac<juer ware in 
japan. The hark contains magnocurarine (0.015'’,,), 
magnolol (C,JI,j,()a, m.p. 103") and machilol 
m.p. 83”). 'I'he flesh of the fruit and seed 
kernels contain respectively 35.3' • 59*^ ’•» fatty 

oil. Rutin is |)resent in the Bowers (Biswas, loc. cit. ; 
Burkill, II, 1393; Bailey, 1947, II, 1964: Chcni. 
/I/;.s7r., 1952, 46, 5059; 1944, 38, 4010: 1930, 24, 
3505; Wehmer. suppl., 124 ; Eckey, 40203). 

Mahogany, Swamp — sve Eucalyptus 
Mahogany Tree — see Swietenia 

MAHONIA Nutt. (Berhcridaceae) 

A genus of evergreen shrubs, rarely small trees, 
distributed in Asia and North and Central America. 
Fifteen sjiecies occur in India*, of which fourteen 
are found in the sub-temperate Himalayas: one is 
confined to the hills of S. India. 

Mahon ias are sometimes grown in gardens for 
their handsome foliage and flowers. They prefer a 
humid soil and need to he protected from strong 
wind and hot sun. They are propagated by seeds, 
suckers, cuttings or by layers (Bailey, 1947, II. 197^^)- 

'rhe Himalayan species of Ma/ionia are reported 
to he used in the .same manner as Berberis ((pv.). 
Several species contain /.soipiinolinc alkaloids (Table 
i) similar to tho.se present in Berberis. 'Fhe alkaloids 

* Until recently. A/, tiapau I trusts IX:. syn. tU-rhnis uvfuilvnsis 
S|)renj». was considered to be the only .species f<Mind in India. 
According to the latest revision. A/, fiatxtulrnsis has been split 
up into a number of distinct species. 


identified are: herherine (Ca„H,.,().,N, m.p. 205-07^’ 
decoinp.), oxyacanthine (C.,7H,„0,.N.^, m.p. 20S mf). 
palmatine (Co,Ha.,(),N), jatrorrhi/.ine (CL„I !,.,( ) ,N), 
herhaminc (C.,;H,„0,.N2, m.p. 170-72'^), umhellatine 
(Ca,! L..().,N, m.p. 206-07" decomp.) and neprotine 
(C,.,H.2.,(),,N, decoinp. above 200"). Umhellatine is 
reported to he ideniital with herherine, and nepro- 
tine with jatrorrhi/.ine. Berherine is moderately toxic 
to large animals : it has been used in the treatment 
of oriental sore. Palmatine and jaintrrhizine paralyse 
the central nervous system and oxyacanthine affects 
the respiratory system |C'hatterjee, Rec. hot. Snrv. 
India, 1953. 16 (2), 55, 61. 67 68 : (.ovindachari et al., 
Rroc. Indiati Acad. Sci., 1958, 47 A, 41 : With India 
— Raw Materials, I, 177 : Henry, 345]. 

M. acanthifolia (/. Don syn. Berberis nel)tdcnsis 
Spreng. in part 

M. Br. Ind., I, 109 : Chatterjee, Rec. hot, Snrv. 
India, 1953, 16 (2), 39, Fig. 

N Ki*.\ I . — Kesari , clini ro . 

An evergreen, robust, arhore.scent shrub found in 
Nepal, Sikkim, North Bengal and Naga hill a.scend- 
ing up to 2,400 m. Leaves pinnate: leaflets oblong 
or oblong-ovate : flowers yellow', in dense fascicled 
racemes : IxTiies ovoid, hluc-hlat k, edible when ripe 
(Cowan & C(»wan, 14). 

The w'ood is bright yellow, hard and heavy : it is 
used for making handles of knives and kukries. 'I'he 
alkaloids found in the roots of the plant are listed 
in Table i (Cowan ^ Cowan, 14). 

M. napaulensis DC. syn. Berberis nepalensis Spreng. 
in part 

D.E.P., 1, 446 : FI. Br. Ind., I. mh) : Chatterjee, 
Rec. hot. Snrv. India, 1953. 16 (2), 3^>- 

Nkpal Chairi. 

A tall evergreen shrub found in Nepal at altitudes 
of 1,200-2,100 in. Leaves jiinnate: leaflets oblong, 
broadly oblong or ovate : flowers small, yellow, in 
erect fascicled racemes : berries ovoid, blue-black. 
'Phe plant flowers in Marih and flowering continues 
up to the end of the rainy season. In Darjeeling, 
where the plant has been reported to occur, flower- 
ing has not been observed and the growth of the. 
plant is stunted. 

'Phe roots, stem hark an<l wood contain the alka- 
loids umhellatine and neprotine (Table 1): the 
maximum yield of total alkaloids is obtained from 
old plants collected in winter (roots, 0.498 : stem 
bark, 0.377 : and wood, 0.261 ’o) (Cbatrerjee, /. Anier. 
phann. /I.w., sci. Kdn, 1944, 33, 205, 210). 


29 


225 



MAHONIA 


TABLE l-THE ALKALOIDS OF MAIiONIA SPP. 



Species 

Distribution 

Plant part 

Alkaloids 


amnthifalifi (;. Don' 

Nepal, Sikkim, North lienj;al 
& Naga hills 

KlH)t 

Oxyat aiilhiiie (trace), herherine (0.3",,). ra protine 
(0.007 ';„), palinatine (0.07' o) & jatrorrhizinc 
(0.1.^8"„) 

A/. 

hnn-ulis 4aketla* 

N.W. India & l.iishai hills 

Knot 

Oxyacanthiiie (trace), herherine (O.lh",,), iicproline 
(0-31 1",,), palmatine (O.O.U "„) A: jalrorrlii/ine 
(O.O.tS'vj 

A/. 

iirilfifhii Takeda' 

Bhutan 

Bark 

Oxyacanthiiie (trace), herherine (0.3"„). iieprotinc 
(0.001",,), herhamine A' palmatine (traces) 

M. IfM hrnnultii T.ikcd.'i* 

Hills (if S. India 

Root 

Oxyacantliine (dace), herherine (1.02*;,',), neprotine 
(0.01 1"„), p;ilmatiiie (0.073",,) Si jatrorrliizine 
(O.O.U",,) 

A/. 

Hianipidft'usis Takeda ' 

Mani|Hir 

Root 

Oxyac anihine, herherine, iu|)roiine Si ja(rorrhi/ine 
(irace.s) 

A/. 

napiiulctisis DC.* 

Nepal 

Root 

(Jnihellaiine (0.4S",,) A: neprotine (0.(J2",,) 

A/. 

sihtiinii’nsis Takeda ' 

Sikkim 

Stem hark 

Oxvacaiilhine (trace), herherine (0.433",,) vV nepni 
tine (0.0009",,) 

A/. 

sinwnsii Takeda® 

Kliasi hills 

Root 

Oxy.’icatithine (tr.ice), herherine (0.021",,), nepro- 


line (().27‘’,,). paliiiatinr (0.021 ifi jairorilii/.iiu* 
(<M)2'-..) 


' t’hattrrjft* & (iiilia, ^ Anwr. pharm. /Is.n., m i. Edn, 1030, 39 , 577; (‘.hallfi jcT c/ ii/., ibid., 40 , vU» ; * (. liatlcrjir ^ (iiiba, 

ibid., 1930. 39 , IHI ; ' Chaltt riif & tbiha, ibid., 1931, 40 , 229; ’ CbatfcrjiT. ibid., 1944, 33 , 210. 


'riic roots yield ;i yellow dye. The berries are 
eaten ; they are eonsidcred diuretic and demulcent. 
The well known drug Rasdnjafui or Rasaut, prepared 
Irom certain species of Rvrbcris (q.v.), is also obtain- 
ed from this plant, 'rhe wood is hard and bright 
yellow ; it is used for inlaying (Perkin & Kverest, 
6^1 : Kirt. &: Basu, I, io6 ; C'hatterjee, Llaydia, 1949, 
12 , 178). 

A/, horralis Takeda (Lusiiai -Rualcnfj;) is a very 
variable plant with oblong or oblong-lanceolate 
leallets, yellow flowers in dense fascicled racemes and 
sub-globose blue-black berries found in North-west 
India and Lusbai hills (Assam) at altitudes of 1,500- 
2,100 m. The sap of the plant contains a yellow 
colouring matter. Five alkaloids have been isolated 
from the roots ('Fable 1) |Chatterjcc, Rcc. hot. Sitrv. 
ItidiiE 1955. 16 (2), 41 : Fischer, ibid., 1938, 12 (2), 79]. 

A/, sikkimeiisis Takeda is a shnd) found in Sikkim 
at altitude of 2,100 m. it is put to similar uses as 
A/, (icaiiihifolia and A/, napatdensis. Three alkaloids 
have been isolated from the stem bark of the plant 
(I'able 1) |Cbatlerjec, Rvc. but. Surv, Ifidia, 1953, 
16 (2), 4«»1. 

Mahua Tree — see Madhuca 
Maidenhair Fern — sre Adiantum 
Maidenhair Tree — see Ginkgo 
Maize — sec Zea 


MAJORANA Moeneb (Labialae) 

A small genus of perennial herbs or undersbrubs 
distributed iti the Mediterranean region. One exotic 
species is cultivated in Indian gardens as a savory 
plant. 

M. hortensis Moeneb syn. Origanuui viajonnia 
Linn. Swi:i:r Makjokam 

D.F.P., V, 493 ; FI. Br. Ind., IV, 648 ; Bailey, 1947, 
II, 2406 : Kin. <1^' Basu, PI. 759 B. 

Hindi -A///r:e7/ ,* Br.Nc;. — Murni ; Tam. -Marnt, 
viaruvn ; Kan. — Maru^ra ; Mai.. — Mariivaniu. 
KiTNiAON — Bantulsi ; I)ia:c:AN Munva. 

An aromatic, branched jierennial, 30-60 cm. high, 
native of southern Furope, North Africa and Asia 
Minor, commonly grown in Indian gardens : it is 
particularly suited for bill stations. Leaves oblong- 
ovate ; flowers small, whitish or purplish, in terminal 
clusters : seeds minute, oval, dark brown (Gopala- 
swamiengar, 560). 

A/, hortensis, though a perennial, is treated as an 
annual under cultivation. It grows in any well-drained 
fertile garden loam. It is propagated by seeds and 
cuttings. Seeds are sown in the plains in October and 
in the bills from March to the middle of June. Seeds 
are sown in pots and seedlings, when large enough to 
handle, are transplanted in the field 8-10 in. apart 
in rows which arc spaced 12 in. apart. Propagation 
by cuttings is sometimes done at higher elevations. 
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FIG. 81 . MAJORANA HORTENSIS— FLOWERING BRANCH 


I'hc crop is ready for harvesting in c. 3/2 inonihs. 
I’he lops are cm when ihe jdants are coining into 
dower and dried in I lie shade. The volatile oil (on- 
lein of leaves is inaxiinuin when the plant is harvest- 
ed before seed formation (Sievers, Fttirs' Bull. US. 
Dcf), /Igr/c., No. Hjcjy. iy4tS, 6S : (Pollan, 47 ; Copala- 
swainiengar, 560 : Guenther, TIT, 520). 

Sweet marjoram is characterized hy a strong, spicy 
and |)leasant odour and davoiir. Analysis of the dry 
lierl) gave the following values: water, 7.61 : protein, 
U 31; fixed oil, 5/10: volatile oil, 1.72: pentosans. 
7.68 : iihre, 22.06 : and ash, (j.hy'.',,. Tannin, a hitter 
siihstance and ursolic acid (0.21".. in tops: 0.05 0 in 
stem) are present ((hienther. 111 , 520; Winton & 
Winroii, IV, 237 : Wehmer, II, 1051 ; Clinti. Ahstr,, 
1953, 47 , 7164). 

The leaves of the plant arc used fresh or dried 
and highly esteemed as a condiment for seasoning 
food : they are used also as a potiltry-seasoner. Fresh 
leaves are employed as garnish and incorporated in 
salads: they are used also for flavouring vinegar. 
Dried flowering tops are used for sachets and 
potponri. The aromatic seeds arc used in contec- 


tionery and French confitures (Muenscher Rice, 
90: Hill, 463: Yoiingken, 719: Guenther, III, 520). 

Steam-distillation of the leaves and flowering 
heads yields a volatile oil, known in the trade as Oil 
of Sweet Marjoram (yield from fresh flowering herb, 
o. 3-0.4';.. ; dry herb, 0.7 -3.5",,). The oil is colourless 
or pale yellow to yellow-green, with a tenacious 
odour reminiscent of nutmeg and mint. A sample of 
Indian oil (from Delhi) had the following physico- 
chemical pro|K*rties: sp. gr, '’,0.9346: 1.5062: 

, 4^40.25° : acid val., 4.S ; sap. val., S.32 : sap. 
val. (after acetylation), 12S.4: and phenol content. 
47.7''.,. The oil consisted of carvacrol (36.4';,',). 
eugenol (6.7",.), chavicol (4.6'*,.). r/-linalool (30.6“,,), 
methyl-chavicol (3.2';..), ^/-M.-tcrpineol (4.S'',,) and 
caryophyllene (7.6';.,). Oils of Kuropean origin differ 
considerably from the Indian oil and have usually 
the follow'ing ranges of characteristics: s|). gr. Ji; , 
0.894 u-9n): tr"\ 1.470-1.476: 4-15" to +25": 

acid val., up to 1.5: ester val., 10.0-3S.0: ester val. 
(after acetylation), 41.0-78.0: sol. in 1-2 vols. and 
more of 80",, alcohol. They contain c. 40",. terpenes 
(mainly terpinetie) hut are free from phenols : 
terpineol and terpinenol are also jiresent. Sweet 
marjoram oil is often confused in commerce with 
thyme oil (from Ihymits spp.) and origanum oil 
(from Ori^auum spp.) (CJuenther, III, 519-24: 
Dutt. Indian Soap /., 1955-56, 21 , 12 : Poucher, I, 
263-64). 

'Fhe oil is employed to a small extent in high 
grade flavour |)re|)aralions and perfumes, and in 
soap and li(|ueur industries. It is used as an external 
ajiplication for sprains, bruises, stiff and paralytic 
limbs and toothache, and for heU fomentation in 
acute diarrhoea (Guenther, 111 , 526: Steinmet/, II, 
287 : Kirt. Hasu, III, 1985). 

Sweet marjoram is considered carminative, expec- 
torant and tonic* : leave's and seeds are astringent. 
An infusion of the plant is used as stimulant, 
sudorific, emmenagogiie and galactagogue : it is 
reported to he useful in asthma, hysteria and para- 
lysis (Kirt. & Basil, III, 1985: ("hopra, 1CJ58, 513: 
Steinmetz, II, 287). 

Malabar Blackwood — .see Dalbergia 

Malabar Catmint — see Anisomeles 

Malabar Kino — see Pterocarpus 

Malacca Eagle-wood — see Aquilaria 

Malachite — see Copper Ores 
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MALACHRA I /inn. [Malvaceae) 

A small genus of herbs or undershruhs distributed 
chiefly in ilie warmer regions of America and West 
Indies. One species, which yields a jute-like libre, is 
naturalized in India. 

M. capitata Linn. 

V, io<; ; (\P., 755 ; FI. Rr. Ind., I, 329. 

Rk\(;. — Bauhliitidi. 

Rombay —Bhanhhendi, ranhliendi, vilayatihheudi, 
pardeshihhindo. 

A (oarsely hispid herb, sometimes up 10 3 m. in 
height, naturalized in the hotter and damp parts of 
India. Leaves ovate, cordate or orbicular; flowers in 
heads, yellow or white : fruit suh-glohose, depressed ; 
.seeds smooth, brownish black. 

M. capitaia is a rigid and sturdy plant, mostly 
occurring as a weed in fields and waste places. It is 
particularly abundant in some parts of Rombay and 
Ik'ngal, usually on land liable to he inundated 
during rains. If cultivated during rains, it requires 
little attention. Plants should he grown close and 
|)ro!ected from high winds (Retrahet & Navalkar, 
Indian Text. 1955-56, 66, 682). 



The hast yields a fibre resemhling jute. For obtain- 
ing the fibre, the plants are harvested 3 4 months 
after planting, roots and leaves arc removed and the 
green stems retted in the same way as jute or sunn 
hemp in small concrete tanks for 6-8 days. The fibre 
can he readily separated from retted stems as the 
plant does not have profuse lateral branches. The 
yield of fibre is c. 11';., of the oven-dry material. A 
yield of 560 Ih. of fibre has been reported from an 
experimental plantation i,6(x) sq. yd. in area. 

Malaehra fibre is almost white, soft and lustrous, 
somewhat uneven in strength and rough at root 
ends. It is up to 2 in. or more in length and general- 
ly resembles jute in its multicellular structure, long 
siriations, etc. : like jute fibre, it dries with a count^’r 
clock wise twist. The ultimate cells have an average 
length of 2.1 mm. and a diam. of 16.3/4, giving a 
length : diameter ratio of 128. As compared to jute, 
the intrinsic strength (2.12 g./denier) is low and the 
percentage elongation at break (4.29) is high. The 
fibre clo.sely resembles jute in chemical composition ; 
analysis of a sample gave the following values; fat 
& wax, 0.51 ; cellulose, 88.26; lignin, 10.16; N. 
0.167 ; and ash, 0.762 g./Kx> g. of oven-dry material 
(Retrahet & Navalkar, loc. cit. ; Ball. imp. Inst., 
Lond., 1914, 12 , 33). 

'I'he fibre is suitable for use in corilage, gunny 
bags and coarse textiles. It can be spun on jute mill 
machinery without difficulty ; it may be used as a 
substitute for jute or in admixture with it. It may 
also be tried for paper making (Harris, 39 ; Retrahet 
ik Navalkar, loc. cit.). 

The plant is mucilaginous and is re[)orted to 
possess emollient and pectoral properties. The roots 
are lifted in embrocations for rheumatism and luinh- 
ago and as a febrifuge. The leaves are used as an 
anthelmintic in Panama (Kirt. & Rasu, I, 319; 
Nadkarni, I, 633). 

MALCOLMIA R. Br. [Crnciferae) 

D.F.P., V, 113 ; FI. Rr. Ind., I, 146. 

A small genus of annual herbs, native of the 
Mediterranean region. One species, M. afrieana R. 
Br. (Punjab — Patthar, chinaka), is found in Punjab, 
Kashmir and western Tibet up to an altitude of 
3,900 m. The plant grows gregariously in some 
places. Along with other Crnciferae, it affords fodder 
for goats and sheep. 

Male Bamboo — see Dendrocalamus 

Male Fern — see Dryopteris 
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MALLOTUS T.oiir. {Euphorhiaceac) 

A large genus of trees or shrubs (Uslributcd ebiefly 
in tlie tropical and sub-tropical regions of the Old 
World. About 20 species are found in India. 

M. philippensis Muell. Arg. Kamala Tkkk 

O.K.P., V, 114 : C.R, 755 : FI. Br. Ind., V. 442. 

Hindi — Kamala, sindiir, rohini ; Bknu. Kamala ; 
Mar. -Shendri ; Guj. — Kapilo ; Tkl. — Kunhuma, 
sinditri, chendiramu ; Tam. — Kapli, ktnigumam, 
kuranguminijauatti ; Kunhumadnmara ; Mal. 

- hUmjana, kunnuadakku ; Oriya — Sindnri, kini- 
kiimo, kdpilogundi. 

Nkpal — Sindurc ; Lei*i;ha Puroakung : Assam— 
Joraty losan. 

A sbrub or a small, mucb-brancheil. evergreen tree 
with a short and often buttressed bole, found 
throughout India occasionally ascemiing to i,5(m) m. 
in the outer Himalayas. Bark thin, grey, somewhat 
rough ; leaves variable, broadly ovate to ovate-oblong 
or ovate-lanceolate, glabrous above, pubescent with 
mnneroiis red glaiuls beneath ; flowers in spikes, 
dioecious, small ; capsules globose, 3-lobed, v^alved, 
0.75-1.25 cm. diam., densely covered with reddish 
brown glandular pube.scence : .seeds sul>globose, 
black, smooth, c. 4 mm. diam. 

Kamala tree is widely distributed in northern, 
central, western and southern India ; it is scarce in 
the Andaman Islands. It is commonly found in sal 
and certain scrub and mixed forests. In sal forests, 
it is often gregarious and precedes the appearance of 
sal, killing out grasses and acting as a nurse to it. 
In the monsoon or open thorn forests of Bomi)ay 
State, it is often gregarious. The tree can stand con- 
siderable .shade and is frost-hardy and drought- 
resistant. It coppices well. 

Natural reproduction takes place by seeds which 
fall to the ground in the beginning of the hot season 
and germinate in the ensuing rainy season. The seeds 
arc susceptible to drought and insect attack : where 
loose bare soil is available, seeds get covered during 
rains and germination is facilitated. Artificial pro- 
pagation is done by sowing fresh seeds by about 
April. Germination is rather uncertain and it is 
advisable to sow seeds cpiite close, c. 5 cm. apart, 
and to thin out during the first rainy season. The 
more vigorous seedlings arc ready for transplanting 
during the first year : smaller ones may be kept for 
another year in the nursery. Line sowing with field 
crops has proved successful. Regidar weeding and 
loosening of soil should be carried out during the 
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first two years and as often as may be nece.ssary 
afterwards. 'Hie tree also reproduces from root 
suckers. The growth is comparatively slow, the mean 
annual girth increment being 0.65 cm. : reporietl 
mean girth ol coppice at the end of 16 years, 
14.25 cm. ('froup. III. S57--40 ; Cameron, 251;). 

The tree is subject to attack by several rot-caitsing 
ftmgi. Pennies concliains (IVrs.) (iillet, F. rimosits 
Berk., P\ car\opli\Ui (Rao) Bres., Utwagonia disro- 
poda Pat. cV Har., Polxparns aduslits (Willd.) k'r., 
P(tl\sticitfs hirsnins Fr., slrltihrilidtins Berk., 
Stcrenni hirsutum (Willd.) Fr., (hnindrrma appldini- 
tum (Pers.) Pat., G. Icucnphcus Mont, and Trdtiu trs 
pcrsonii Vr. The heartwood is damaged by the borer, 
Aplirodisitiin cdntori Hope. Sapwood of felled and 
dead timber is liable to attack by Mtnioclidinns 
hmidciddtds Gahan, X\lulrrcltns snici L. & G., Agri- 
Ids 7 )jdlloti 1'bery and Sinowltdi spp. : the attack is 
sccomlary. Lycids dfricdtius Les. and Strodidtiinu 
hdrbdtum F. attack dry wood (ludidu /. dgric. Sci., 
1950, 20, 107 ; Khan, Pdkist. ]. Sci.y 1952, 4, 65 : In- 
formation from F.R.I., Debra Dun). 

Kamala tree has long been valtied as the .sottree of 
a dyeing material, known in the trade as Kamala, 
Kamala Powder or Kamala Dye, and used in the dye- 


22fl 



MALLOTUS 


ing of silk and wool. The colouring matter is present 
in the red glandular puhesrence covering the ripe 
capsules and is usually collected in Fchruary-March 
when the fruits ripen. The material collected from 
unripe fruits is greeni.sh and of little or no commer- 
cial value. Kamala powder is used also as an anthel- 
miniic. More recently, the oil extracted from the 
seeds has attracted considerable attention as a suhsti- 
tuie for tung oil in the formulation of (|uick-drying 
paints and varnishes. 

The tree is not cultivated on a plantation scale any- 
where at present. It is widely ilistributed in forest 
lands throughout India and the collection of ripe 
fruits is not organized. No reliable data exist on the 
production of kamala dye in various parts of the 
country. Such information on the availability of 
seeds, as is available, is incomplete ; according to the 
Indian Ontral Oilseeds Committee, the production 
of .seeds in different States is as follows: Himachal 
Pradesh, 147: Uttar Pradesh, 2,865 : Ori.ssa, 1,396: 
West Bengal, 294 ; Jammu and Kashmir, 294 : 
Assam, 1S4 : Punjab, 20: Mysore, 20: and Bombay, 
14 cwt. The cost of collection of .seeds has been esti- 
mated at Rs. 20-54 per cwt. in various areas. Seeds 
(containing not more than 6'V, moisture) can l)e 
stored in gunny hags or tins in a dry place without 
ap|)recial)le deterioration for 6 months : after this 
period, .seeds .stored in gnnny hags deteriorate 
rapidly. 

Kamald (l\r -The red ptd^e.scence is separated from 
ri[)e fruit by heating and shaking ; it may l)e obtain- 
ed also by stirring the fruits vigorously in water, 
when the dye settles down as a sediment : lltc sedi- 
ment is collected, dried and pieces of pericarp and 
other refuse separated by sifting. 1’he yield of powder 
is 1.4 3.7''.. of the wt. of fresh fruits. Kamala dye is 
available as a granular, reddish brown resinous 
powder, almost without odour and taste. As met 
with in the trade, it is often impure due to carele.ss 
collection, fraudulent admixture and contamination 
with sand and other inorganic impurities. Vegetable 
adulterants commonly u.sed are powdered bark of 
('(iscdria toinnitusa, powdered fruits of Ficus hctiffU' 
Icusis, ground safflower (Carthamus tinctorius) and 
waras (Flcmiuy^in mocrophylla), Kamala itself is often 
u.sed as an adulterant of annaio dye (Hixa orcllana). 
Cenuine samples of kamala powder contain 4-5% 
ash ; hut many commercial s|)ecimens contain 
15-^oV., ash or even more. Sieving and elutriation 
reduce the ash lonten' considerably (Trotter, 1940, 
279; I.P.C., 132 ; U.S.n., 1955, 1729; Burkill/TI. 


1396 ; Rao & Seshadri, Proc. Indian AcacL Sci., 1947, 
26 A, 1 78 ; Lai Mukerji, Bull, Dcp. ItuL Comrn, 
Unit. Prov,, N,S., No. 12, 1940; B.V.C., 189; Wallis, 

25)- 

Kamala dye is in.soluhle in cold water, .slightly 
soluble in boiling water and freely soluble in alkalies, 
alcohol and ether, forming deep red solutions. I'hc 
principal colouring principles are the .salmon-colour- 
ed rottlerin (C,,,! IjsO.^, m.p. 212”) and its yellow 
i.somer, /.sorottlerin (m.p. 180-82^) ; together they 
constitute c. ii*’,', of the wt. of the powder. Kamala 
contains, in addition, a small amount of lionio- 
rottlerin. (m.j). 192-93^), a low-melting (m.p. 6n”) dark 
red resin (hoVn), a high-melting (m.p. 121 22^") yellow 
resin (5%) and a wax (m.p. 82" ; c. 2';,,) ; traces of a 
volatile oil, tannins, gum and citric and oxalic acids 
are present. Rottlerin isomerises into woroitlerin by 
treatment with atpieous alcoholic hydrochloric acid 
or boiling alcohol (Thorpe, VII, 9i-<;2 ; Mayer & 
C^)ok, 20408: Khorana & Motiwala, Indian ]. 
Pliarni., 1949, 11 , 37). 

Kamala was formerly employed extensively in the 
dyeing of silk and wool. It produces a bright orange 
or flame colour which is fairly fast to soap, alkalies 
and acids, hut fades .somewhat in sunlight. A boiling 
alkaline hath containing 4 parts of kamala, i part of 
alum and 2 parts of sodium bicarbonate is u.sed for 
dyeing. The ingredients are previously mixed 
together in the powdered stale with a small (piantity 
of .sesamum oil. The colour is heightened by the 
addition of turmeric. Kamala dye was at one lime 
exported from India in fair (|uantilies, hut with the 
advent of synthetic dyestuff’s, the use of this material 
has practically ceased (Thorpe. VIT, 94 : Burkill, II. 
1396-97 j Perkin & Everest. 398). 

Kamala may he employed as an anti-oxidant for 
ghee, vegetable oils and shortenings. It prevents the 
development of rancidity and in the ca.se of ghee, 
retards the loss of vitamin A. It is stable and harm- 
less, without taste or odour and imparts a light 
yellow colour. It has been used for colouring food- 
si iifTs and beverages. It is u.sed also as a sitidbur or 
ktiinkinn by women in India (Govindarajan & 
Bauer jee. Curr. Sci., 1939, 8 , 559 : Ramaswamy & 
Banerjee, Ann. Biochem., 1948. 8 , 55, 115; Dhar & 
Aggarwal, /. sci. industr. Res., 1949, 8B, i ; Lai & 
Mukerji, loc. cit.). 

The powder pos.ses.ses purgative properties and in 
full doses occasionally causes nausea. It is, however, 
milder than Filix Mas and is usually administered 
in honey, milk or curds. The activity of the drug is 
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attributed to rottlerin and tAorottlerin, the latter 
being slightly more active ; a i : i mixture o£ the two 
is more active than cither of them alone. Kamala 
possesses pronounced inhibitory action on the succi- 
nic dehydrogenase of tapeworm and is considered 
effective as a taenifuge. For use as taenifuge, the drug 
should contain: total ash, : acid-insoluble ash, 

)>6% : and non-volatile ether soluble extractive, 
<(66%. I'he drug is usetl also in veterinary practice. 

Kamala is u.sed in external applications for para- 
sitic affections of the skin, such as scabies, ringworm 
and herpes, and is reported to possess liilKuitriptic 
and styptic properties. Oral administration in the 
form of emulsion reduces fertility in female rats and 
guinea pigs. The effect, however, is temporary : the 
animals return to normal after the drug is withdrawn. 
"Hie antifertility factor is rottlerin : ivorottlerin is 
feebly active, if at all. Kamala is toxic to frogs, tad- 
poles and worms. A suggested method for assaying 
the drug in commercial sainjiles is b;ised on its toxi- 
city to the fish IldplocUilns pauchdx. Alcoholic ex- 
tracts of the fruit .show anti-bacterial activity against 
Micrococcus p\ogcucs var. aureus (I.P.C., 132 : 

Chopra, 195S, 359 ; Khorana Motiwala, loc. cit. ; 
Singh & Chak, huhau J, vet, Sci., 1956, 26 , 31 : 
Nadkarni, 1 , 761 : (/iijral cl al., Indian /. )ncd. Res., 
i960, 48 , 46, 52 : Rao & Seshadri, Proc. Indian Acad. 
Sci., 1947, 26 A, 178 : Ceorge ct al., J. sci. industr. 
Res., 1947, 6B, 42). 

Kamala Seed ()il---l'hc pale white seed kernels 
(c. 60'’,, of the wt. of seeds) yield on solvent extrac- 
dnn, 35 36‘X, eff a viscous, dark brown to |)ale yellow 
oil or semi-solid fat, depending upon the solvent used 
ft)!* extraction. Owing to the high viscosity of the oil 
and its tendency to polymerize, direct expression of 
seeds in a hydraulic press or in an expeller does iu)t 
yield oil : only a small proportion of the oil present 
can he expelled in a hydraulic press at 70 So'^. "fhe 
oil can be extracted with light petroleum (b.p. 40-60”) 
which recovers c. 50% of the total oil in the .seed : 
the residual oil can he extracted with henzene. ethyl 
ether or ethyl acetate. A high vacuum is u.sed for 
stripping the solvent, as the oil polymerizes even at 
ordinary temperature (Aggarwal, Kamala Seed Aful 
Its Oil, Indian cent. Oilseeds Comm., 1958 : (hipta 
& Aggarwal, /. sci. industr. Res., 1953, 12 B, 545). 

A jirocess which u.ses lin.seed or other suitable 
vegetable oil for the extraction of kamala oil, has 
been patented. The seed kernels arc ground with 
twite the amount of vegetable oil to form a thin uni- 
fotm paste, heated for an hour and filtered hot ; the 


residue is treated a .second time in the same manner. 
The two extracts are combined and cooled when 
kamala oil .separates out as a soliil fat and is recover- 
etl by centrifuging. The .solvent oil retained by the 
cake is pre.s.sed out in a hydraulic press or an expeller 
I Puntambekar, Paintindia, 1954. 4 (i), 85]. 

The characteristics of kamala oil are given iti 
Table 1. 'Fhe dark colour of the .solvent extracted oil 
is attributed to the pre.sence of kamala dye and of 
resinous impurities adhering to .seeds. Washing .seeds 
with 0.5".. caustic soda prior to extraction, yields a 
pale coloured product. Kamala oil extracted with 
henzene or ether, polymerizes and gels rapidly, even 
more rajudly than tiing oil. "Phe fraction extracted 
with light petroleum ether is similar to tung oil in 
gelling characteristics. The Brow'ue heat te.st values 
of oils extracted with light petroleum ether, commer- 
cial hexane and benzene are respectively, 9.5 min., 
3.3 min. and 2.3 min. as compared to 1 1 min. for 
lung oil (Ojha el ai. J. sci. industr. Res., 1936, 15 B, 
331 : I’untambekar, Proc. Indian Acad. Sci., 1952, 
35 A, 37 : Ojha A Aggarwal, /. sci. industr. Res., 
1936, I 5 B, 636). 

'Pile |)rincipal component acid of kamala oil is 
a .solid hydroxy acid, kamlolenic acid (iS-hydroxy- 
()cta-deca-9, ii, i3-trien()ic acid or iS-hydroxy 


TARIF I -CHARACTFRLSTICS OF KAMAIA Oil. 

Solvnil 



I.ighl 

pt’trolfiim' 

IVflM- 

Iriiiii 

Cl her* 

Bcn/cnc' 

KlhvI 
cl her' 

sp. j;i. 

7.74(17 
(at 40 ) 

0.7547 
(at .^0 ) 

0.75.^5 
(55 ;.U ) 

0.7444 
(.^0 /50 ) 


I..S0.^2 
(al M) ) 

1.5105 
(at 50 ) 

l.5l.% 

(at.H) 


Arid \al. 

6.4 

5.7 

11.5 

5.2 

Sap. \.il. 

175.0 

I7S.5 

207.6 

170.7 

A'rl. \;i'. 

IS.7 44 

47.24 

46.S 


val. 

0..I 




I'ul. val. 

I66.S 

(Wij’s) 

IS5.2 

(1 laniis) 

157.5 

166.4 

(VVij’s) 

Ditiu* val. 

(Ullis & joiit's) 

40.4 

42.7 


4H.5 

t’nsapon. 

malUT. 

1.7 

1.75 

1.7 

2.5 


' Af^K.irw.il <7 nl., j. sci. huiustr. Res., I‘HS, 7B, ; 

* Puiit.'imln’k.'ir, /Voc. htdiau .li'mt. Sci., 1752, 35A, •‘>7; ‘ .Sinjr|i 
A: .S ii;m, ('nrr. Sci., 1942, II, .W) ; ' Hliiisliaii <7 nl., Proc. Oil 
’t'cchuol. .I.s.s. hiflin, 1747, .V). 
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a-clacostcaric aciil). The* fatty add composition of the 
cihcr-cxtractcd oil is as follows: kamlolenic, 58.5; 
conjugated dicnoic, 4.5; linoleic, 11.7; oleic, 13.3; 
laiiric, o.i ; niyrisiic, 2.5; palmitic, 8.7 ; and stearic, 
0.7%. Consecutive extractions of kamala seeds with 
petroleum ether and ether yields two fractions 
of the oil containing 37.4,0 and 81.8% of kainlo- 
lenic add respectively. The iinsa|)onifiable frac- 
tion of the oil consists mostly of sitosterol (Hilditch, 
1956, 203 ; Gupta ct al., /. Amvr, Oil Clicm, Soc.^ 
1954. 31, 287). 

The major portion of kaniala oil is composed of 
complex triglycerides formed hy the condensation of 
carboxyl groups of various constituent fatty adds 
with the hydroxyl groups of both glycerol and kam- 
lolenic acid ; the rest of the oil (i2',m) consists of 
simple triglycerides of the component fatty acids 
(O’Neill cl (il., Chem. & hid., 1954, 756 ; Kapadia & 
Aggarwal, /. set. imlustr. Res., 1958, I7B, 117). 

The oil can be stahili/ed against gelation at room 
temperature hy the addition of 0.5-1 'V. of hy<lro- 
(|uinone or a-naphthylamine ; the drying character- 
istics of the oil are not affected. The oil obtained hy 
extraction with peiroleuni ether keeps better than 
that extracted with benzene (Kapadia & Aggarwal, 
/. .s'ci. indust r. Res., 1955, 

Kamala oil obtained hy extraction with petroleum 
ether forms a good substitute for timg oil in the 
formulation of rapid-drying paints and varnishes. It 
can he employed in coating compositions giving 
either glossy or wrinkled linishcs. The films are fairly 
resistant to heat, water, alkalies and organic solvents. 
Treatment of oil with monohydric alcohols, such as 
butyl or amyl alcohol, in the presence of hydrochloric 
acid modifies the gelation properties of the oil. 
Varnishes prepared from treated oil arc comparable 
or only slightly inferior to rung oil varnishes | Aggar- 
wal, Oils & Oilseeds /., 1952 53, 5(10-12), 19 ; Sharma 
& Aggarwal, /. sci. indust r. Res., 1952, II A, 308 ; Ojha 
el al., ibid., 1957, 16A, 213 : Mcnon et al., ibid., 1958, 
17 A, 279). 

The oil may he employed in the formulation of 
hair fixers and ointments. Medium alkyd resins, 
superior to some of the commercial alkyd resins, have 
been obtained from kamala oil fatty acids. Kamlo- 
lenic acid and its hydrogenated derivatives have also 
been used in the preparation of macrocyclic com- 
pounds useful in perfumery, diaryl diketones useful 
as aiitioxulants or as high melting waxes |Puntam- 
hekar, Painlindia, 1954, 4 (i), 85 ; Sharma & Aggar- 
wal, /. sci. induslr. Res., 1954, 13B, 791 ; 1956, 15B, 


608 ; Cupta & Aggarwal, ibid., 1957, 16B, 181 ; 
/. Indian chem. Soc., 1956, 33 , 804]. 

A stand oil, named Friol, has been prepared from 
a 1 : 4 mixture of kamala oil (extracted with linseed 
oil) and linseed oil. Friol is more rapid drying than 
doidff e-hoi led linseed oil and forms films which have 
better gloss. It is an excellent vehicle for <puck- 
drying paints, varnishes and wrinkle finishes (Puntam- 
l)ckar, loc. cit.). 

Seed Cake — ^The seed cake left after the extraction 
of oil may he used as manure. It contains: moisture, 
2.86; protein, 48.12: carbohydrates, 35.47; crude 
fibre, 6.57 ; and ash, 6.98Vn. The ash contains phos- 
phate (0.7-0.8 Vo Paf^:,) atid potash. The cake can he 
used, in combination with saw dust, for making in- 
sulating boards and cork substitutes ; the residual oil 
in the cake acts as a binder (Aggarwal el (d., J. sci. 
induslr. Res., 1948, 7B, 136 ; Puntambekar, loc. cit. ; 
Wchmer, II, 687). 

Kamala Wood -The wood of kamala tree is 
whitish to light reddish grey, often with darker 
streaks, and somewhat lustrous ; the heart wood is 
not distinct. It is fairly close- and straight-grained, 
medium fine- and even-textured, hard, moderately 
tough and heavy (av. wt., 48 Ib./cu. ft.). It warps and 
shrinks badly and is liable to insect attack. It is 
somewhat difficult to saw, but can be worked to a 
smooth surface under tools. It is a relatively un- 
important timber. Kamala wood is available in large 
supplies of small and irregular logs almost thn)ugh- 
oiit India and used as fuelwootl (calorific value: 
sapwood -4,835 cal., 8,704 B.t.u.). It is suitable for 
rafters, tool handles, match boxes and small turnery 
articles, like bobbins, cotton reels, penholders and 
rulers / it has been tried for paper pulp | Pearson & 
Brown, II. 889-91 : Krishna & Ramaswami, Indian 
For. Bull., N. S., No. 79, 1932, 19 ; Trotter, 1944, 
19S ; Kapadia, /. Cujarat Res. Soc., 1954, 16 (i), 18 ; 
Karamchandani, Indian For., 1955, 81, 424]. 

The leaves of kamala tree are used as fodder ; 
mature leaves contain 3.29% nitrogen (dry basis) and 
1.64% calcium ; the ash (7.83%) is rich in potassium 
salts (K2O, 6.25^;^,). The leaves and bark contain 
tannin ; the latter (tannin content, 6-10%) imparts a 
deep reddish colour to leather. The root is reported 
to yield a red dye (Laurie, Indian For. Leafl., No. 82, 
1945, 15 ; Puri, Indian For., 1954, 80, 700 ; Prasad & 
Dangc, Indian For. Leafl., No. 95, 1947, to ; Coswami 
& Kehar, Proc. Indian Sci. Congr., 1956, pt III, 359 ; 
Burkill, II, 1397 ; Khan, Pakist. J. For., 1956, 6 , 82 ; 
Rodger, 81). 
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I IG. 81 . MAIIOTUS PHILIPPENSIS— TRANSVERSE SECTION 
Or wool.) ( V 10) 

All p.'iris ()t‘ the kaniala tree arc used in exicrnal 
a|)|)li( alions lor skin diseases. Roots, steins and 
IcaNcs contain hydrocyanic acid : seeds contain a 
lo\i( glycoside (Kirt. & Basil, III, 2268 : Annu. Rev. 
hioc/n'in. Res. India, 1^57, 28 , 74: Biirkill. II, i ;/;7 : 
Wehmer, II, 6S7). 

M. harhalns Mnell. Arg. is a low shnih lound in 
parts ol the western coast. The fatly oil extracted 
ironi ilie seeds is used for illuinination and for making 
candles (Biirkill, If, 1495)- 

M. }ic(ialcnsis Miiell. Arg. is a small tree found in 
central and eastern Himalayas and in Khasi hills up 
to an altitude of 2,400 in. 'Hie wocvl is used tor huts, 
fencing and charcoal (Gamble, 6i(^). 

A/, tclracoccus (Roxh.) Kinv. syn. A/, alhtts Mnell. 
Arg. is a small evergreen tree found in eastern Hima- 
layas, Assam and western gliats up to an altitude of 
1,950 m. The tree is lopped for fodder. 'J’he wood 
(wt., 31 Ih./cu.ft.) is suitable for match boxes and 
splints ((Gamble. 619 ; Rama Rao, 370; Taurie, loc. 
cit.). 

Mallow — sre Abutilon, Malva 
Mallow, Jew^s — see Corchorus 


Mallow, Marsh — see Althaea 
Mallow, Musk — see Hibiscus 
Mallow Tree, Yellow — see Hibiscus 

MALPIGHIA Linn. (Malpighiaceae) 

A small genus of evergreen trees or shrubs native 
of tropical America. About 4 species are grown in 
India, mainly as bedge plants. 

M. glabra Linn. Bakpaoos C'iikuky 
B ailey, 1(^47 , 11 , 1973. Lig. 230S. 

A slender, slow-growing, prickly shrub, i 2 m. high, 
cuhivated in gardens for its edible fruits and as a 
hedge* plant. Leaves elliptic : tlowers brighl pink, c. 
2.0 cm. in diatn. ; fruits scarlet red. about the si/.e of 
a cherry, with thick skin ; seeds large, four-angled. 

The plant is prc)|)agated by seeds or by planting 
cuttings in October: it flowers in May and Novem- 
ber. 'I’he fruits contain an orangecoloured, juicy 
pulp with fine flav<uir and arc eaten raw or cooked, 
riiey are rich in ascorbic acid (1.000 to 4,000 mg./ 
too g. of edible pulp). The ascorhu* acid con- 
tent varies with clone, season, and ripeness of fruits: 
green fruits are richest while half ripe and fully ripe 
fruits contain much lower amounts. The fruits can 
be usc'd in jams, preserves, sherbets, jellies, piincli 
and beverages : the fruit beverage is re|)ortc'd to be 
good for sore throat. C'annecI juice of the fruits may 
he used to enrich the ascorbic acid content of other 
|)roduc ts such as pear and apricot nectar and grape 
juice. Frozen juice retains its bright red colour and 
practically all its ascorbic acid content. The fruits 
are considered useful in dysentery, diarrhoea and 
liver disorders (Williams cSl Williams, 214; Chem. 
Ahslr., ic;47. 4 L -|~47 ^ Ledin, Ball. Fla a^frle. F\p. 
Sla., No. 5(^4, 195S : Hoc king. 133). 

'Lhe hark of A/, glabra, called Nancehark, contains 
c*. 26'V, tannin : it is used for tanning hides. It yiMs 
a dye which imparts a coffecvtini to silk and wool 
I Wehmer, II, 663 : Krishna Bacihwar, j. sei. indnslr. 
Res., 1947. 6 (5), su|)pl., fiij : Chem. Abslr., 0^3 1, 25 , 

M. punicifolia Linn. Wesi Indian Chkkky 
Chittenden, III, 1237. 

Tki.. — Vallari : Ka^^. -Siweyaranelli. 

A shrub or a small-sized tree, up to 8.0 m. in height, 
cultivated* in gardens in Madras and Mysore. Leaves 
variable in shape, obtu.se, rounded or notched at base : 
flowers rose-coloured, in sessile clusters : drupes 
scarlet, ovoid or sub-globose, i. 0-1.5 diam., 

borne single or in clusters. 
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The plant is valued for its jtiicy, pleasantly aeid 
fruits which rescinhle crab apple in ilavour and usetl 
in jams, preserves and sauces. 'Ilicy contain ascorbic 
acid in high concentration, the green fruits being 
particularly rich. Analysis of the edible portion (83%) 
of the ripe fruit gave the following values: water, 
cS^.y ; protein, 1.6 ; fat, o.i ; total carbohydrates, 13.7 ; 
fibre, i.o; and ash, 0.7';..; calcium, ly mg.; iron, 
i.o mg. ; carotene (as vitamin A), 30 i.u. ; thiamine, 

O. 02 mg. ; ri holla vin, 0.04 mg. ; niacin, 0.5 mg. ; and 
ascorbic acid, mg./ 100 g. : green fruiis coniain 
up to 3,(X)o mg./ 100 g. of ascorbic acid (Information 
from Supdt., Lalbagh Botanical (iardens. Bangalore: 
Moscovso, Econ. Bot,, iy56, 10 , 2S0 ; Uphof, 227 ; 
Chatficld, FAO nutr. Stud,, No. ii, iy54, 38, 4y). 

A/. ciK'cigcra Linn, and A/, urcus Linn, are two 
other species similar to Af. glabra cultivated for their 
edible fruits atid as ornamental hedge plants. They 
thrive in almost atiy soil and rctpiire occasiotial 
watering in sutnmer : the growth is rather slow 
(Lirminger, 242 ; (Jo[)alaswamicngar, 279). 

MALUS Mill. (Rosacvac) 

A genus of small deciduous trees of the tiorth 
tetnperate zone distributed in botli hemispheres. 
Three or four species, incluiling A/, pumila (Cultiva- 
ted Apple), have been recorded in India. 

The apples have been fretpiently included along 
with pears under the genus Pyrus, but can be dis- 
tinguished from pears, atnong other thitigs, by the 
styles which are more or less connate at the base, the 
absence of stone or grit cells iti the flesh and the 
presence of a distitut depression at either end of the 
fruits, which arc mostly glohitlar. The s|)ecics of 
Malus hybridize witli each other readily, but not with 
those of Pyrtis, 

M. baccata (Linn.) Borkh. syn. Pyrus haccata Linn. : 

P. haccata var. sibcrica Maxim. Siberian Crab 
Api'le 

1 ).K.I>., VI, 374 ; VI Br. Ind., 11 , 373 : Rehder, 392. 

Hindi — Ban mchaU gwalam. 

Punjab Baror, kalsbal, Hu, lliizo ; Khasi- Soli- 
sliur-uni. 

A small round-headed tree with short trunk, up to 
14 m. high, armed with simple or branched spines 
when old : leaves tomentosc or glabrous, serrulate ; 
flowers white : fruits sub-globose, 1-3 cm. in diam., 
red, scarlet or yellowish green with a few white spots, 
borne on long slender pedicels. 


The Siberian crab apple Is a native of the region 
extending from Siberia to Manchuria and Japan, 
and southwards to the Himalayas. Four or five 
varieties of this species have been recognized, includ- 
ing the Indian form A/, baccata var. himalaica 
(Maxim.) Schneid. (Himalayan Crab Apple), which is 
found wild in the temperate Himalayas from Kashmir 
and Kumaon to Bhutan and Khasi and jaintia hills 
in Assam, at altitudes of i,8(K3 3,(x)o m. This form 
flowers in April and fruits in October November 
(Rehder, 393 : Mansfeld, 134). 

Af. haccata is often prized as liw ornamental : it has 
been used for the development of a number of types 
of crab apple and cultivated apple. The fruits of 
some crab apj^les are 2.5-3.8 cm. in diam. and arc 
suitable for jellies and preserves. They have a tart 
Ilavour and an astringent taste before cooking. The 
fruits of var. himalaica are eaten in Lahoul and are 
said to have the true apple Ilavour. (a*al) apple is 
resistant to cold and some types withstand tempera- 
tures as low as ~55"F. A/, baccata growing round 
about Shillong and in Naga hills is compatilile with 
apple and resistant to woolly aphis (Chandler, 1957, 
276 ; Crane & Lawrence, 255 ; Courley & 1 lowleit, 
508 ; Anthony, (Idn /., N. Y., 1957, 7 , 187 : Zielinski, 
180; Henning, Zuchtcr, 1946-47, 17 ll^-, 289 : Hayes, 

The wood of Af. baccata (wl., 53 Ib./cu.ft.) is 
similar to that of Pyrus pashia Buch.-llam. It is hard 
and tough but is liable to warping. 

Af, sikkimnisis (Hook, f.) Koehne is similar to 
Af. baccata, but bears somewhat larger and moderate- 
ly .serrate leaves and speckled fruiis. It is found in 
Sikkim Himalayas at 2,100-3,000111. and in Bhutan. 
The fruit is said to be good when stewed. I'his species 
is apomiclic : its seedlings are highly uniform and 
are suitable for u.sc as rootstock. Promising re.sults 
have been obtained by budding McIntosh apjiles on 
A/, sikkimcnsis seedlings (Sax, Proc, Amcr. Soc, hort, 
Sci,, 1949, 53 , 219). 

M, pumila Mill. syn. Af. communis DC. : Af. sylvcs- 
tris Hort. non. Mill.: Af. domcstica Borkh.: Pyrus 
malus Linn, in part CuLriVAiEi) Apple 

D.K.P., VI, 376 : C.P., 910 ; FI. Br. Ind., II. 373 ; 
Rehder, 391. 

Hindi & Bknc.— .Sef;, sev ; -Sebu, sevu, 

Punjab — Sco ; Ladakh Kushu. 

A low round-crowned tree, usually up to 15 in. high, 
with tomentosc or heavily pulicscent young growth ; 
leaves mostly clustered on short shoots or spurs, ovate 
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or elliptic to broad elliptic, 4.5-10 cm. long, soft in 
texture with margins bluntly serrate ; flowers white 
suffused with pink, borne in close clusters ; fruit a 
fleshy pome, sub-globose, of varying size, shape and 
colour, with a depression at either end. 

M. pufjiila is a variable species and its taxonomic 
position is much confused. Some consider it as the 
parent of most of the cultivated apples, although 
some of them may be offsprings of hybrids with 
A/, sylvcslris (Linn.) Mill., Af. prunifolia (Willd.) 
Borkh. and Af. haccata. Others include cultivated 
apples under the specific name Af. sylvestris (Linn.) 
Mill, and consider them as varieties of the suh-species 
mitis (Wallroth) Mansfeld, while the wild apples of 
Europe or Acerb Apples are included under the 
sub-species Af. sylvesiris siibsp., sylvestris (Rehder, 
591 ; Chittenden, T, 147; Bailey, 1949, 515; Mans- 
feld, 131; Clapham et ah, 55S-59 ; Henning, 
ZuclitcTy 1946-47, 17 / 18 , 289). 

Tlie apple has l)een in cultivation from time imme- 
morial, and remains of apple fruits and seeds have 
been found in the ruins of prehistoric lake dwellings 
in Switzerland. It is regarded as a native of the 
mountainous regions between western Himalayas on 
one side and Caucasus and Asia Minor on the other. 
In some areas of Caucasus and Turkestan, vast forests 
of wild apple trees are .said to exi.st, and wild apples 
of Turkestan in particular, are said to be comjiara- 
tively large and some of them are not inferior in 
(jiiality to cultivated forms and a whole range of 
transition forms, from those bearing small sour fruits 
to those yielding large edihle fruits are recognizahle 
(Zielin.ski, 178-79: Chandler, 1957, 274; Goiirley & 
Hewlett, 504; Crane & I..tiwrence, 159). 

Apple occupies the most important position among 
the fruits of temperate regions and is widely culti- 
vated in many parts of the work!. They are hardy 
and can be grown as far north as 65^" latittide ; they 
are not grown in the tropics, as they are cryophilous. 
The most important apple producing regions in 
the world are: United States of America, western and 
eastern ICurope, Japan and Au.stralia (Hill, 387- 89; 
Fruits, Commonwealth Econ. Comm., i960, 12-- 13, 
Tables i & 2 ; van Royen, T, 120). 

Apple culture in India is said to have become 
established by about the middle of the eighteenth 
century both in the plains as well as in the hills of 
N. India ; it is now a commercial crop in the hilly 
areas of Kashmir, Kulu and Kumaon. Cultivation 
has been tried also in parts of S. India, particularly 
in Bangalore and Nilgiris, but due to a severe attack 


of woolly aphis in 1897, crops were destroyed. 
Cultivation has been recently revived by the intro- 
duction of new disease-resistant types | Hayes, 379 ; 
Thapar, htdian Hurt,, *(2), 23 ; Javaraya, 

ifuliati J, Hort,, 1943, 1, 31]. 

Of the estimated area of 4o,(xx) acres under tem- 
perate fruits in India, the major part is under the 
apple. No reliable data are available regarding tlie 
acreage and production of apples in different States. 
The more important areas of cultivation are: Sri- 
nagar, Kulgam and Uttarmachipura tchsils in 
Kashmir and Udhampur and Kishtwar in Jammu ; 
Almora, Naini Tal and Garhwal districts in Uttar 
Pradesh ; Kulu valley in Punjab ; Simla hills (Kot- 
garh) in Himachal Pradesh : and Bangalore and Nil- 
giri hills in S. India. Though temperate fruits form 
a minor parr of the total area under fruits in India, 
there appears to be an almost unlimited scope for 
their cultivation especially in the Himalayan ranges, 
which can accommodate about four million acres of 
orchards. In these hilly areas, the yields from farm 
crops like wheat, barley and paddy, are generally 
lower than in the plains and apples can be more 
profitably grown. Further, there arc millions of wild 
apple and pear trees and yields from them can he 
greatly increased by top working. The major obstacles 
for extending the cultivation of apples and other 
temperate fruits into tliese areas are the lack of 
communications in the interior ])arts and shortage of 
planting material of the right type |Sham Singh, 
Farm Hull., Indian Conn, a^ric. Res., No. 19, 1957 ; 
Agric. Marketing India, Bull. Marketing Some 
Important Stone, Pome and Small Fruits and Fine- 
Apples in India, Marketing Ser., No. 62, 1950, 4; 
Thapar, loc. cit. : Rao, Indian J. Hort., 1947, 5 , 8|. 

Al)Out 6,5 cx) horticultural forms of Af. pumila, 
which can be distinguished on the basis of fruit and 
tree characters, are reported to be under cultivation 
in various parts of the world. Fruits vary in size, 
colotir, flavour and cpiality : trees are adapted to 
different climatic and soil conditions and show differ- 
ences in periods of maturity and seasons of bearing. 
The types commercially grown are mostly clones 
selected from seedling trees or bud mutations which 
arc propagated vegetatively (Zielinski, 179 : Hill. 
388 : Magness, Yearh. Agric. V.S. Dep. Agric. 1937, 
575 : Chandler, 1957, 274-76). 

The types cultivated in India are mostly introduc- 
tions from U.K. and other European countries and 
U.S.A. ; a few have Ijeen intrixluced from Australia. 
They include both cooking and dessert types. Table i 
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TABLF I— CHARACTfc’HISTICS OF SOME APPLE TYPES GROWN IN INDIA* 


lypc 

Region in which 
grown 

Amhti Kashmiri 

Ka.shmir 

Baldwin 

Kashmir Ik Kiilii 

Red Delicious 

Himachal 

Pradesh, 

Kashmir Ik 

Kiilu 

('ox’s Drange Pippin 

1 limac'hal 

Pradesh ^ 

Kulu 

King of Pippins 

Kulu, Kiimaon 
iV Himachal 
Pradesh 

('.olden Delicious 

1 limac’hal 

Pradesh Ik Kulu 

Royal (Stark ing) 
Delirious 

1 lima<'h:il 

Pradesh & Kulu 

lonathan 

Kumaon & 
Punjab 

Yellow’ Newton 

Kulu 

Ri’d Am radian 

Kulu & 

Punjab 

Blenheim Orange 

Kumaon & 

Kulu 

Newton Wonder 

Himachal 

Pradesh 

Rome Beauty 

Bangalore, 

Nilgiris, 

Kumaon & 
Punjab 

Irish Peach 

Nilgiris 


Fruit rharaclcristifs 


Mi'diuin to lar);o si/i*, obloti^-clliptical. 
taprriii); ; skin yt-llowish ^^rt*en, shin- 
ing. tliivf fourths striped with red ; 
llcsh white, crisp, juicy 

Larj'c, ovaic'cnnical ; skin deep bright 
red ; Mesh yellowish white, crisp, inikl- 
ly sub ac id 

Medium to big with characteristic tapcT 
ing shape and 5 prominent knol) like 
protrusions ; skin dull dark red ; Mesh 
wliite, tender, fine grained, sweet, aro- 
matic 

Medium si/e, roundish ; skin orange red 
deepening to bright red ; Mesh yellow, 
firm, crisp, juicy, aromatic 


Medium si/e, inclined to be oblong ; 
skin smooth, orange yellow tinged 
with retl ; Mesh yellowish white, crisp, 
jiiicv, sweet with rich flavour 

Medium to large size, oblong with apex 
rounded ancl free from lobi*s ; skin 
golden yellow ; Mc*sh of rich cream 
colour, very juity. sweet Ik with a 
good blend of acidity 

Ibid sport of Red Delicious ; medium 
si/e ; skin waxy, shining with white 
bloom ; Mesh yellow’, sweet, juicy with 
excellent flavour 

Mc'ditim si/e, oblong to conical ; skin 
smooth, ric h red with yellowish dots ; 
Mesh light yellow, tencier, sub-acid. 

Large, roundish to slightly Mat ; skin 
greenish yellow with brownish red 

c beck ; flesh cream-coloured, crisp, 
juicy 

Medium to large, roundish ; ^kin thin 
with deep red chc*ek ; Mesh white, crisp, 
juicy, aromatic 

Large, roundish, slightly flatteiu'd ; skin 
greenish yellow with brownish red 

cheek ; Mesh firm, juicy, aromatic 

Large, roundish, slightly flattened; skin 
greenish yellow with brownish red 

c heek ; Mesh firm, juicy, arom.it ic 

Medium to small, round : skin thick, 
yellow, striped with bright red ,* Mesh 
yellow, crisp ; mild sub-acid flavour 


Sma’I, flat, slightly ridged ; skin bril- 
liant scarlet with yellow patches ; flc’sh 
scift, mealy when ripe, swc*et, aromatie 


Picking 

season 

Remarks 

F.nd of 
SeptembcT 

Indigenous to Kashmir val- 
ley ; good cropper with 
regular bearing ; fruits 
available up to April 

October 

Self unfruitful ; fruits keep 
till March 

SeptembcT 

Regular and sc’lf-fruitful : 
good cropper ; fruits keep 
till October 

Karlv 

August 

Self unfruitful ; rc’gidar hc*avy 
bearer; fruit keeps till 
November ; bc’st dc’ssert 
apple 

July 

flood dessert cY cooking 
\arietv ; fruit kerps till 
October 

September 

I'luits have* a storage life of 
;i!)ont three months 

Atigust 

September 

Keeps wc’ll 

September 

Self-frtiitful : .a good storage 
varietv ; fruits keep till 
March 

September 

^'ruits keep till .March 

Knd of June 

A good early \ariety; proli- 
fic'; keeping (|uality poor 

September 

flood cropper ; self-unfruit- 
ful ; fruits keep till Feb- 
ruary 


A good cooking apple ; sc*lf- 
fruitful ; good cropper ; 
fruits keep till May 

SeptembcT 

A cbvarf type susc’eptible to 
woolly aj)his ; .self-fruitful ; 
fruit keei>-. till Februarv 


Immune to woolly aphis 


* Sham Singh, Farm BuH.y Indian Conn, a^riv. Rrs., No. Mt, 1957 ; /Igr/c. A/ur^e/mg Indian Bull. Marln lin^f .Some Imitorlant 
Slone, Pome and Small Fruits and Pine-apples in India, Marketing Ser., No. 62, I95M, 56; Naik, .119 21 ; Thapar, S5 88. 
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summarizes the characteristics of some imporiant 
types grown in fndia. 

Ciilrivaled types are generally diploids with 34 
chromosomes, hut there arc (juite a niimher which 
are also triploids with 51 chromosomes : only a few 
are tetraploids with chromosomes. Some charac- 
teristics of triploids arc of value from a commercial 
standpoint ; the trees grow vigorously and yield 
large fruits, which in many cases, have good storage 
(pialiiy (C'rane 6 : Lawreiur, 207, 214: (Miandler, 
i(;57, 27S, 285 : Sham Singh, loc. cit.). 

Cui/riVAiioN 

The apple plant is essentially suited to regions 
which have a low winter temperature, attended hy 
snowfall. It re(|uires considerable chilling to check 
the rest period and induce the opening of huds in 
spring. Jf the winters arc not sufliciently cold, 
blossoming as well as fruiting are insuflicient and 
uneven. There arc, however, considerable variations 
among cultivated types in the degree of chilling re- 
([uired to induce hud opening ; some need chilling 



Ambri Kashmiri 


for a short duration, while others recpiire long and 
cold winters. An annual rainfall of ho-75 cm. is consi- 
dered necessary, though trees can Nourish with much 
less or tolerate far more rain ; the distribution of 
rainfall during the year is more important. Heavy 
summer showers or hail storms cause damage to 
growing fruits, while late autumn rains delay the 
movement of trees into dormancy, thereby leading 
to insullicienr winter rest. Heavy snowfall is physi- 
cally injurious, unless the trees are pruned to provide 
a strong framework. l.ate spring frosts are parti- 
cularly detrimental to early llowering varieties owing 
to their scorching effect on leaf and blossom (Kao. 
Itidiiin /. Hurt., 1947, 5 , 8 ; Sham Singh, loc. cit. ; 
'riiapar, S3). 

Sf>il — y\|)ple thrives best in well-drained medium 
loam, but it has been successful I v grown on a variety 
of soils ranging from tlie dee|) fertile loams of 
Kashmir to the light loams of Ktilii valley and the 
brown or reddish brown sandy loams of Kumaon. 
In Bangalore, it is grown in areas where the soil 
layer is just two feet thick above an impervious rocky 



Goldrn Drticioiis 



FIG. «5. MAMIS PDMILA-SOME ail.TIVATED TYPES OF APPI E IN INDIA 


237 





MALUS 


siihstraliiin ; the trees, however, neither live IcMig nor 
attain the luxuriant growth seen in N. India ; they 
give only moderate yields. The roots of the tree are 
more resistant to wet and poorly aerated soils than 
roots of many other deeidiious orchard plants. Where 
a|)ples are |)lanred on level ground, as is done at 
Bangalore, they are cultivated in the same way as 
other trees ; in N. India, they are grown on slo|)es 
and hillsides, and suitable measures for conserving 
moisture and for preventing erosion are necessary. 
The northern aspect of slopes are chosen and ter- 
races are made to slope inwards towards the hillside : 
besides attending to proper drainage, lime is applied 
to clieck soil erosion (Hayes, 3S0-S2 ; Das, Indian 
l^'nig, 1947, 8 , 344 : Chandler, 1957, 307). 

Prupa^alion- 'fhe apple is usually pro])agated hy 
hudding or grafting suitable types on selected root- 
stocks : plants rai.sed from seeds do not grow true to 
tyj)e. The rootstock used varies in different areas. In 
Kashmir and Kulu, seedlings of crab ai)ple (A/. 
haccata) are commonly used. In Kumaon, the prac- 
tice is to collect .seeds of wild crab apple or of any 
available npple types for raising seedling stock. 
Norlhcrn Spw a type resistant to woolly aphis, is tlie 
most popular rootstock in Bangalore. In Kngland and 
the C^)ntinent. the practice of using seedling root- 
stocks has been given up and clonal or vegelatively 
propagated rootslot ks of known performance are em- 
ployed ,* the patchy appearance resulting from the 
use of seedling stocks is thereby avoided. 

'rhe rootstock influences the si/e of the tree, its 
vigour, cropping capacity and s|)eed of maturation ; 
certain scions exert a noticeable influence r)n rooting 
behaviour. Because of this inter-relationship between 
stock and scion, the use of the right type of root- 
stock is as important as the selection of the scion. A 
tree that grows on a rootstock to the same size as it 
grows on a crab apple seedling is known as a 
‘standard tree* : the rootstock is known as a ‘standard 
or free stock*. One on a rootstock that reduces its 
rate of growth is known as a ‘dwarf tree* : and the 
rootstock itself is called the ‘dwarfing stock*. In re- 
cent years, a large nund)er of rootstocks of known 
performance have been distributed hy the l^ast 
Mailing Research Station and John Innes Horti- 
cultural Station. Merton, Kngland. Of these, 
AlaUinif I IX are dwarfing stocks, with Mailing / 
dwarfing the least and Mailing IX dwarfing the 
most. Mailing X XVI are vigorous and are consi- 
dered suitable for raising standard or half-standard 
trees. Dwarfing types arc useful where space is the 


main consideration : they come into hearing earlier 
than standard type.s. In Kashmir, Kulu and Simla 
hills standard trees arc popular, while hush and 
dwarf trees are popular elsewhere (Sham Singh, loc. 
cit. ; Chandler, ic;57, 31 1 : Rao, Indian J. llort., 1(^47, 
5, 8 ; Courley Howlett, 481 ; Singh, Indian Fnig, 
1(941, 2, 242 ; C*hittenden, I, 148). 

Rootstocks can he raised from .seeds or they can he 
vc'getatively propagated hy stooling or layering. 
Vegetative propagation is [treferred, since the known 
(jualities of the stock are retained. If the stock is 
vigorous, layering is considered better, while stooling 
is preferred if the stock is weak. *rhe scion is worked 
on the stock hy hudding or grafting. l*or hudding, 
T- or .shield-budding is the usual method adopted ; 
for grafting, a modified bench or tongue grafting is 
employed. A modified root grafting method is .some- 
times used in Kumaon which though easy is not 
rec’ommended, as it induces the scion to root, thus 
nullifying the effect of rootstock on .scion. Whip 
grafting has proved more successful than shield hud- 
ding in Nilgiris (Singh. Indian Fnig, i(;4i. 2, 242 : 
Sham Singh, loc. cit. ; Bajwa rt a!., Punjab Fnir, 
1952, 4, 266 : Chandler, 1957, 291, 3fx; ; Naik. 322-23). 

Budding is done between April and Se|)tcmher 
when the flow of sap is active both in the scion and 
in the stock. For early budding, .scion wood is taken 
from the pruning of the preceding .season, which is 
preserved for the pur|)Osc : for late budding, fre.sh 
mature shoots are used (Singh. Indian F/ng, 1941, 2, 

242). 

Phniting — ^Types grown on free and seedling 
stocks are planted 25 30 ft. apart, while bush-trained 
plants on semi-dwarfing stocks are set 15 18 ft. 
apart : the planting di.stance in the case of 
plants on dwarfing stocks is 12 15 ft. One year old 
plants are preferred for planting in the orchard, as 
they take root readily and can be trained to any 
shape. Planting can be done at any lime during the 
dormant period ; in the colder regions, early spring 
is considered to he the best time (Sham Singh, loc. 
cit.). 

Manuring — The application of about five ha.skeis 
of farmyard manure in each hole at the time of 
jdanting and ten cartloads per acre yearly thereafter 
lias been recommended. In Kashmir, where the soil 
is naturally fertile, jiianuring is done, if at all, once 
in three or four years. Farmyard manure is supple- 
mented by bone-meal and superphosphate when 
applied to micaceous soil. Nitrogenous manures, like 
ammonium sulphate, may also be used in place of 
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lannyarcl manure, in a dosage of i-i6 Ih. of 
niirogen tor eaeli year ol irec age. In the case of 
acid soils, an a|)|)licaiion ol 13 tons of limestone |)er 
a( re once in live years is recommended (I laves. 
3S0--S1 ; Das, liiduin Fmg, *947* 344 • Singli, 

loc. cir.). 

In Kashmir, Knmaon hills and Flimachal Pradesh, 
the orchards arc mostly rainfed, hiil in Kulii valley 
ihey are generally irrigated. Kven under rainfed 
conditions, irrigation is beneficial for the first year 
or two. Mulching with leaves or grass has been re- 
commended both for preserving soil moisture and 
for producing organic matter ( I'hapar, S8 ; Haves, 
3S0). 

Priniiu ^^ — Pruning is necessary to improve the 
shape of the tree and to stimulate growth, llowering 
and fruiting. In Kashmir, a tree with an open centre 
with llic lowest branch 4-5 ft. from the ground, is 
preferred. The modilied leader or delayed open 
centre form of framework is considered better as trees 
trained in this form develop strong crutches. 


Branches of mature trees should he lightly pruned 
every year to keep the centre ojicn : congested jiarts 
should he thinned and long growths cut hack to 
encourage spur growth. Old trees hearing heavy 
crops of small sized fruits need severe pruning. In 
regions subject to hail, late pruning is reduced to a 
minimum as c rowding of branches’ serves as proic'o 
tion to fruit. Pruning wounds are coated with an 
antiseptic (Hayes, 381 ; Sham Singh, loc. cit. : Naik. 
325 ; Thapar. 8(; ^o). 

Floiccrinn & Fruit-sctli)i^ Apple trees begin to 
hear enough llower htids to give a worthwhile crop 
only 5-6 years after planting : they rarely reach full 
hearing before they are 12 18 years old. Dwarf trees 
c:ome into hearing sooner than standard trees. 'The 
htdk of the croj) is borne either on short modilied 
shoots (sjnirs) or on one yc'ar old wood or on both, 
f'ruii buds are borne terminallv on long lived spurs 
or laterally on one year old branches ; they occur 
mixed with leaf buds (Chandler, 1957, -7S-7<;. 281, 
31 1 : Naik, 325 ; Hayes, 381). 
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A large proportion ol truii buds tail to open, it 
tlie winter is not sullieicntly cold or long. Varieties 
which retjuire a ininiiniini of chilling arc selected tor 
orchards. Opening of buds may he favoured by pro- 
per orchard inanagenient and spraying with certain 
c heiiiicals. In Bangalore where ihe climate is not cold 
enough dormancy is induced by controlled irrigation 
and root pruning. Dusiing with calcium cyanamidc 
or spraying with copper salts causes defoliation and 
induces dormancy; other suggested measures are: 
shading of apple trees and white washing of trunks 
and branches to reduce the potency of winter sun- 
shine. spraying with mineral oil or 3-5 dinitro-o- 
cresol mineral oil eiiiiilsion [Hill & Campbell, Knip. 
J. c\p. Agric., 1949, 17, 259 ; Rao ct al., Indian J. 
Ilorl., 1952, 9(4), 59J. 

Nitrogen and water deliciencies may cause abscis- 
sion and fall of llowers and young fruits. Insulliciency 
of pollination may lead to mis-shapen fruits : apple 
pollen is carried by insects and too little of it may be 
transported if the weather at hlossoming time is un- 
favourable. A number of apple varieties, particularly 
tri|)loid types, bear pollen of rather low viability and 
tend towards sterility. Several types are self-incom- 
patible to varying degrees. A moderate degree of self- 
incompatibility is desirable as olherwuse the tree may 
hear an excess ^)f small fruits or it may cause biennial 
or alternate bearing ; when self-incompatibility is 
pronounced, the yield of fruit will be poor. In such 
cases, cross-pollination results in better crops than 
self-pollination and this emphasises the necessity for 
planting together in orchards different interferiile 
types with overlapping hlossoming periods. Branches 
of pollinating types may also be grafted on self-sterile 
trees (Chandler, 1957, 282 -S6 ; Sham Singh, loc. cit. ; 
Naik. 323). 

Apple culture in S. India differs in certain respects 
from that in north Himalayan areas. Both Bangalore 
(alliiiKle, 900 111.) and Nilgiris (altitudes, 1.500- 
i,8(X) 111.) are climatically unsuitable for the optimum 
growth of apples, as they have a mild winter with 
temperatures much above 30° K. The trees do not 
attain the si/e of those growing in Himalayan 
regions ; nor do they live so long or yield so plenti- 
fully. The types grown in these areas arc mostly sub- 
tropical. In Bangalore, the plants are raised on 
Nortlirni Spy rootstock ; in Nilgiris, Merton 
Stocks yjH and 779 which, like Northern Spy, are 
resistant to woolly aphis are considered useful. In 
Bangalore the rest period is artificially induced twice 
a year, once in January or Fehruary when the plants 


are not very active and again in August or September 
when there is a break in the monsoon, by withhold- 
ing water for some time, digging the soil around the 
plant and exposing and pruning the small fibrous 
roots ; when the leaves wait and fall off, exposed roots 
are covered with a thin layer of sand and the pit 
lilled up with compost or a suitable fertili/.er mixture. 
Treated plants begin to blossom in about a fortnight 
(Naik, 318, 324-25 ; Hayes, 382 ; Javaraya, Indian J. 
tlori,, 1943, 1, 31 ; Aiyangar & Aiyangar, Poona 
a^ric. Coll. Mag., 1930-31, 22, 160 ; Rao, Indian J. 
//or/., 1947, 5 , 8 ; Krishnamurthi, 121 22 ; Kuppu- 
swami, S. Indian Ilort., 1958, 6, 5(9). 

The economic life of the apple tree differs from 
area to area and seems to depend on climatic as well 
as cultural conditions. The life is reported to 
exceed sixty years in Kulu and Kashmir ; it is forty 
in Kumaon and twenty-five in the Nilgiris ; in 
Bangalore the economic life does not exceed 6-10 
years (Rao, Indian J. Horl., 1(^47, 5 , 8). 

Diseases — The a[)ple is sidiject to a large number 
of diseases. Stem black (Coniotliecinni ehoniato- 
sponiin Corda) and stem brown {Polryosphaeria rihis 
(irossenb. dfc Duggar) cause serious damage to apple 
crop, particularly in Kumaon. l^he infecting organ- 
isms enter the plants through pruning w^ounds. Stem 
black manifests itself in July and is very virulent by 
mid-/Vugust ; jet black streaks appear on affectetl 
stems, follow'ed by cankers and eventual death ; some 
strains of the fungus cause also apple cracking and 
branch blisters. Stem brown disease makes its appear- 
ance usually towards the end of April and is viru- 
lent by the middle of May ; it cau.ses die hack and 
loosening of hark which becomes papery and rolls 
outwards. Both diseases are controlled by painting 
pruning wounds with a paste containing red lead 
(2 oz.), co[)|K:r carbonate (2 oz.) and raw linseed oil 
(100 c.c.) ; lanolin may be employed in place of 
linseed oil. Spraying of plants with lime-sulphur 
twice during the spring affords protection against 
stem black (Hayes, 386 ; Dey & Singh, Indian J. 
agric. Sei., 1939, 9, 703 ; Singh, ibid., 1942, 12, 368). 

Pink disease (Corticium salmonicolor Berk. & Br.) 
causes considerable damage to apples in Kumaon 
and Coonoor. The infection is at its peak from 
August to the middle of September. Small pustules, 
white in colour, appear all over the affected portion 
and they ultimately break through the bark throw- 
ing out pink coloured masses of the size of pin 
heads : leaves turn hrown and wilt. As control 
measures, forks of branches and pruning wounds 
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should be painted witli red lead-copper carbonate 
paste. Affected branches should be removed and 
burnt and all alternative hosts in the neighbour- 
hood destroyed (Singh, Indian /. agrk. Sci., 1943, 
13 , 528). 

Brown rot, caused hy Sclerotmia fructigena Adcrh. 

Riihl., causes heavy damage to apples in Punjab. 
The pathogen overwinters on inuinmied (shrivelled) 
apples, hibernating on the fruit spur and producing 
canker round tlie base. All affected parts including 
fruits, should he removed and destroyed. Spraying 
the trees with 2:4:50 Bordeaux mixture at pink bud 
and calyx stages and again two weeks later is said to 
he useful (Sham Singh, loc. cit. ; Hayes, 386). 

Collar or root rot, caused hy an unidentitied fungus, 
originally believed to he Corticimn rolfsii (Sacc.) 
Curzi, is a serious disease in Bangalore. It is checked 
to some extent hy fixing hurm clay rings (c. 18 in. 
diam.) around the stem collar and exposed root, and 
washing with Bordeaux mixture (Aiyangar & Aiyaii- 
gar, Poona agric. Coll. Afag., 1 930-3 r, 22 , 160 ; 
Naik, 329). 

Another collar rot caused hy Roscllinia s|). is a 
serious disease in localized patches in orchards in 
Kumaon. It may be controlled in the early stages hy 
scraping off or excising diseased portions and paint- 
ing with red lead-copper carbonate paste ; treated 
trees are suhsecjuently manured to stimulate new root 
formation (/lu////. Rep. Hill Fr. Res. Scheme, U.P., 
1946 47, 20). 

Apple scab [Vejiinna imunjualis Wint.) occurs 
commonly on leaves, young wood, fruits and flowers. 
Affected fruits do not keep well, while leaves and 
young twigs dry up or fall off prematurely. The 
limgiis overwinters on fallen dead leaves, fruits and 
young wood. Control measures include collecting and 
burning diseased material, spraying the trees with 
Bordeaux mixture and lime-sulphur wash from the 
time of the opening of (lowers to the maturity of 
fruits |Keitt, Yearh. Agric. iJ.S. Dcp. Agric., 1952, 
646 ; Sham Singh, loc. cit. : Bracer, Punjab Fmr, 
1950, 2(i), 36]. 

Mildew [Oidium sp.) causes some damage in the 
Nilgiris. Removal of diseased leaves and spraying 
with Bordeaux mixture afford control. Powdery 
mildew \Podosphacra lencotriclia (Ell. & Everh.) 
Salm.] affects leaves, stems, flowers and young fruits 
causing in certain years serious damage in Kulu and 
Kangra valleys, especially to nursery stock. Pruning 
of affected twigs in winter and spraying with lime- 
sulphur, iron sulphite, sodium polysulphidc or 


Bordeaux mixture are recommended [Sham Singh, 
loc. cit.: Bedi, Indian Hort., 1956-57, 1(3), 11; 
Sprague, Ycarh. Agric. U.S. Dcp. Agric., 1953, 667 [. 

Leaf .spot (Phyllosticta pirina »Sacc.) is common in 
Kumaon. It appears hy the end of June and is most 
virulent by mid August. Spraying of trees with 
2:10:40 Bordeaux mixture at the dormant, open 
cluster or petal fall .stage and collecting and burning 
all dead leaves during winter afford effective control 
(Singh, Indian Fmg, 1944, 5 , 566). 

Two other leaf spot disea.ses have been recorded : 
they arc caused hy Alyxosporiitni microsponnn 
Cooke 6 c ffarker and Ccrcospora niali Ell. & Everh. 
A stem canker caused hy Sphaerop.sis malorum Berk. 
— Physalospora ohlusa (Schw.) Cooke has also been 
reported (Mundkur Kheswalla, Indian j. agric. 
Sci., 1943, 13 , 397 ; Anna. Rep. Fr. Res. Sta., Hessar- 
ghalta, Mysore, 1942-43, 4-5 ; Indian J. agric. Sci., 
1950, 20, 107). 

Pcs Is Among the pests affecting apple trees in 
India, the San Jose scale. Quadraspidiotus (Aspidio- 
ins, Aonidiella, Forhe.saspi.s) pcrniciosus C'omstock, is 
the most .serious. It has a wide range of host plants, 
including fruit plants belonging to Rosaceae. 'I'hc 
pest is usually dispersed through nursery stock, scion 
or graft : many kinds of insects and common birds, 
like crow, mynah and bulbul, also act as dispersing 
agents ; the pest may he carried from plant to plant 
at the time of fruit picking and nymphs may crawl 
along the ground and infest new plants. The insect 
is attacked hy a number of natural enemies and pre- 
dators. Spraying of trees in the dormant season 
(Novemher-'Eehruary) with an emulsion of [)otash- 
lish oil .soap and die.sel oil in water, followed hy 
further spraying iti summer provides control. Fumi- 
gation of nursery stock before planting and elimina- 
tion of infested wild plants round about the orchard 
arc recommended (Hayes, 384 : Fotidar, Indian Fmg, 
1941, 2,234: Rahman, ibid., 1944, 5 , 463: Kalra, 
Punjab Fr. /., 1946, 10 , 75 ; Rao, Indian j. Ent., 1948, 
10 , 41 : Indian For., 1957, 83 , 351). 

The scale insects recorded on apple from various 
regions of India inclutle: Heniihcrlc.sia rapax Cotn- 
stock, II. lataniae Signoret, Chrysomphalus dictyo- 
spermi Morgan, Duplaspidiotus tesscratus dc Char- 
moy, Ilowardia biclavis Comstock and Pseudaula- 
capsis pentaffotia Tareioni (Rao & Chatteriee, Indian 
J. Ent., 1948, 10 , 5). 

Woolly aphis, Eriosonia lanigcrum Ibmsmann, is a 
severe pest in many orchahls. The insect is reported 
to reproduce sexually in Kashmir, while in Kumaon 
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and Piinjal), its development is parthenogenctic: and 
viviparous and several broods are produced especial- 
ly in summer. In some localities, the pest migrates in 
winter from the aerial parts to the roots and in tlie 
reverse direction in summer. Winged forms appear 
during July-Ocloher. Nymphs may he blown from 
tree to tree in loose masses of wool or they may crawl 
over to neighbouring trees. Aerial parts as well as 
roots are attacked and get covered with galls ; the 
vitality of trees is lowered and young plants succumb 
to the attack. In extreme cases, the roots disintegrate 
to such an extent that trees are blown away by high 
winds. Fruits from infected plants are small, mal- 
formed and of poor cpiality. 

budding of apple types on woolly aphis-resistant 
stocks, like Norlhrni and Mrrlon Stocks yyS 
and 779, has been effective in controlling the pest in 
Bangalore and Nilgiris : in Kumaon, local Malus 
hacaila stock, said to he aphis-resistant has been em- 
ployed. Spraying in summer with soft soap-nicotine 
and in winter with tobacco resin soap affords control. 
The root-infesting forms can he controlled by 
/xlichlorohenzenc applied in a 4 in. deep circular 
trench, 5-10 ft. away from the trees. The aphis is 
kept in check in Kumaon, from early spring to mid- 
summer, by a predator beetle, Coccinclln scjytenh 
pinictata Linn. This beetle occurs in Funjah also, hut 
it d(X's not prey upon the aphis ; three other insect 
predators, Chilomcncs bijugmis injcrnalis Mills., 
Syrphus coiif niter Weid. and Aiicylolytcryx punctata 
1 lag. exercise a defmile check on the aphis in Punjab. 
The parasite, Apitelinus uiali I laid, introtluced into 
l^unjah hills from America in ly^), is now well estah- 
lishcd and the pest has been kept under check. Its 
introduction in Kumaon and Coonoor has, however, 
not met with much siucess (Rahman & Khan, Indian 
/. r/gne. Sci.y 1941. 11 , 265: Singh, ibid., 1942, 12 , 
58S ; Rao, Indian J. 1 1 art., 1945, 44 * Sham Singh, 

loc. cit. ; Isaac & Rcnjhen, Indian Fmg, 1946, 7 , 346 ; 
Lai <S: Singh, ibid., 1945, 6, 24 ; Indian /. a^ric, Sci.y 
1947, 17 , 211). 

'fhe root borer, Lophosternus (Dorysihenes) 
hugelii Redtemhach, is a serious pest of the apple in 
Almora and Naini Tal districts of Kumaon : it has 
also been recorded from the hills in N. India up to 
a height of 2,icx) m. The application of /)-dichloro- 
henzene, 3 in. below the surface of the ground at i o/. 
per linear foot is reported to kill the grubs within a 
distance of 6 in. (Sharina Singh, Bull. Dep. Agric. 
U.P.y No. 21, 1940: Singh. Indian J. r/gr/c. Sci.y 1941, 

o , 925)- 


A hairy caterpillar, Lyniantria ohfuscata Wlk., is 
a pest on the apple in Simla hills, Kulu and Kash- 
mir ; it defoliates the trees. Kiiproctis signata Blan- 
chard, another caterpillar reported from Kashmir 
and N.W. Himalayas, causes injury to buds, llow'ers, 
foliage and fruit. A yellowish red caterpillar, Zeuzera 
sp., is a stem borer occurring in Kumaon ; it 
remains in the stem for 12-24 months throwing out 
yellow head-like excreta. Control measures include 
picking out caterpillars and destroying them and 
their egg clusters. Spraying the plants with lead 
arsenatc-limc mixture or dusting with sodium ffuo- 
silicate and ash affords control. Other pests recorded 
on apple are: tent caterpillar {Cdisiocam pa indica 
Wlk.), a fruit borer (Cacorcia cpicyria Meyr.), May 
beetle or June bug [Mimastra sp.) and a weevil 
[Myllocerus sp.) (Rahman 6 i Kalra, Indian Ftng, 
1944, 5 , 312 ; Janjua, Indian J. Fni., 1947, 9 , 159 ; 
Sharma Singh, Bull. Dep. Agric. U.F.y No. 21, 
1940 ; Hayes, 385 ; Sham Singh, loc. cit. ; Annu. Rep. 
Fr. Res. Sta., I lessarghalla, Mysore, 1942-43, 5 : 
Krishnamurti cV Appanna, Mysore agric. J., 19^1, 
27 , 1 ). 

'riie codling moth, Laspereysia [F.arpocapsa, Cydia) 
ponionella Linn., causes damage to apples in Baluchi- 
stan. Kxcept for a doubtful record of its ociurrence 
from Ladakh, tliis pest has not been reported else- 
w 4 iere in India, hut the possibility of its introduction 
through imported consignments of fruits cannot he 
discounted. The larvae of Fuzophera pilnicella 
Moore and Cacoecia sarcoslrga Meyr. attack fruits 
infested with codling moth larvae, entering through 
holes made by the latter and causing serious damage 
to crops. Control measures include spraying with lead 
arsenate at the calyx stage and again s[)raying four 
rimes with a cover spraying of lead arsenate and lish 
oil. Fumigation of harvested fruits with methyl 
hromidc is recommended (Pruthi, Indian J. agric. 
Sci., 1938, 8, 499 : Janjua el al., ibid., 1943, 13 , 113 ; 
Sen Gupta, ibid., 1951, 21 , 67). 

Harvest cV I'/Wr/ -Where the fruit set is heavy, 
thinning is necessary to maintain a balance between 
vegetative growth and fruit production and to im- 
prove the size, colour and (piality of fruit. This is 
done as early as possible after fruit set, so that the 
retained fruits may he 4 6 in. apart from each other 
and only one fruit is left in each cluster (Sham Singh, 
loc. cit. ; Rao, Indian J. Hort., 1947, 5 , 8). 

The mature fruit can he separated from the branch 
hy a slight turning pull. Considerable care is needed 
in gathering and handling fruits. Any injury to the 
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skin renders the friiil liable to attack by rot orga- 
nisms. The correct stage ol! ri|)ening is judged more 
by the disapjx\i ranee of green colour and brighten- 
ing of yellow or whitish areas (i.e. under colour or 
ground colour) rather than the ease of picking or the 
amount of red colour. If picked too soon, the fruits 
are std)ject to hitter pit and scald during storage : 
they are also likely to he of poor dessert c|uality. If 
picked too late, they are likely to have a short storage 
life (Chandler, 1957, 296 ; Sham Singh, loc. cit.). 

Early varieties like Rrd Astrachan and Khifr of 
Pippins arc harvested in June and July while late 
varieties like Amhri, YclUnv Nezvton, Rome Beauty 
and Blenheim arc harvested in September : a few like 
Baldwin are harvested in October. In Mysore, where 
the predominant type is Rome Beauty, the early crop 
is harvested ])etween July and September and tbe late 
crop between December and February. In Nilgiris 
and Bangalore, the summer croj) comes to the market 
at a time when supplies from tlie north are scarce 
(Sham Singh, loc. cit. ; Javaraya. Indian j. Hort., 
19^3. 1 , 31 : Naik, 327). 

'J1k* yield of fruits varies greatly in the dilferent 
ap|)le-growing areas. In Kulii, yields up to 1.250 Ih. 
per acre have been recorded, while in Kashmir, the 
average yield per tree is estimated at 150 lb. A yield 
of io(^ lb. per tree is reported in Kumaon, while in 
Bangalore and Nilgiris, the yield does not exceed 
25 lb. per tree (Rao, hidian /. Hart., 1947. 

Apples after harvesting should be cleaned by 
wiping or washing to remove dirt and spray residues. 
A dilute solution (1%) of hydrochloric acid is em- 
ployed to remove lead carbonate residues ; fish or 
mineral oil is removed first by washing with warm 
water containing sodium silicate (0.4-0.S Ib./gal.) 
and then with dilute acid (Smock & Neubert, 
177. 179). 

Grading -Based on si/e and shape, colour and 
permissible skin blemishes, a])ples are graded as: 
super, fancy, selected and commercial. The grades 
recognized in Simla hills are: extra large, large, 
medium, small and extra small : fruits which are un- 
suitable for marketing arc peeled, cut into rings and 
dried. In Bangalore, apples arc sorted on the basis of 
colour and size into three grades : broken, diseased 
or otherwise damaged fruits arc rejected {Bull. 
Marketififr Sojjic Important Stone, Pome and Small 
Fruits and Pine-apples, 1950, 28-29, 78 : Aiyangar &: 
Aiyangar, Poona a^rie. Coll. Afair., 1930-31, 22, 160). 

Storage — Among the temperate fruits in India, 
apple is the only one which is stored to meet the 


demands of consuming markets throughout the 
season. In Kulu valley and Simla hills. ap|)les are 
stored on racks or in wooden hc3xes. In Kumaon, they 
are stored on the floor or in wooden trays or racks ; 
sometimes they are stored in heaps and covered with 
moss to prevent shrivelling. This practice is depre- 
cated as it retards the storage life and imparts a 
musty smell to fruits. Storage of crates on racks in 
ventilated masonry godowns at (;o% humidity is 
recommended to increase storage life. Delay between 
picking and storage should be avoided as it reduces 
tbe storage life. Fruits gathered at dilTerent stages of 
maturity are stored separately. Refrigerated storage 
permits a longer life. Delicious apples may be stored 
for 3-4 months at 35 38^' F. and 85 90"/, R.Il., while 
Rome Beaut\ and Baldzvin have a life of 5-7 months 
at 31 --32°F. and 85 88'V. R.H. In the case of certain 
types, storing in a modified atmosphere in which the 
concentrations of oxygen and carbon dioxide are 
controlled is recommended (Bull. Marketing Some 
Important Stone, Pome and Small Fruits and Pine- 
apples, 1950, 40 ; Rep. Cold Storage & Transport of 
Perishable Produce hi Delhi, Marketing Ser., No. 2, 
1937, 35 : Rep. Ad Hoc Survey of Cold Storage for 
Fruits iSr Vegetables in Consuming Centres in India, 
Marketing Ser., No. 93, 1955, 17 ; Smock & Neidiert, 
197-209; Singh, Indian Fmg, 1943, 4 , 74: Clhandler, 

Among the various storage disorders, soft rot or 
blue mould, caused bv Penicillium expansum Thom 
is responsible for serious losses. Tbe fungus enters the 
fruit through bruises caused while picking and subse- 
(juent liandling ; it may also gain access to ruptured 
cells through lenticels. even when the skin is not 
visibly ruptured. Affected fruits accpiire a musty 
odour and yellowish brown areas appear on the 
surface. Scrupulous care in picking and handling 
fruits is essential for preventing infection (Hayes. 
387 ; Singh, Indian J. agric. Sci., 1941, II, 902 *, Butler 
& Jones, 721-23 : Wright &: Smith. Yearh. Agric. 
[I.S. Dep. Agric., 1953, 837). 

Sooty blotch \Cloeodes pomigena (Schw.) Colby | 
and fly speck \Leptoth\rium pomi (Mont. & Fr.) 
Sacc.] mar tlie appearance of fruits and lower their 
market value. They are generally found together and 
are particularly jirevalent in low land orchards and 
in places* where humidity remains high and drainage 
is poor. Sooty blotch appears as dark brown to olive- 
green spots or smudges on the surface of mature 
fruits, wliile fly speck appears as raised small dark 
spots, commonly in groups. Thinning of fruits 
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reduces the incidence of infection. Spraying with 
Bordeaux mixture, Ferham, lime-sulphur or colloidal 
sulphur affords elTeclive control. Washing of fruits 
in a 5“.. solution of hleaching powder or V'" solution 
of sodium chlorate is recommended (Singh, Indian 
J. agric. .Vc7., 1941. 597 : Groves, Ycarh. Agric. 

(J.S. Dcp. Agric., 1953, 663). 

Phylophlhnra cactorutn (Fehert cV Cohn) Schroet., 
Aspergillus niger van Tieghem, Aspergillus terreus 
Thom. Pestalotia spp. and Rhizopus spp. cause fruit 
rot of apples. Infection lakes place mostly through 
bruises in the skin or through insect punctures. 
Storage at 7*" reduces damage (Hayes, 387 *, Dcy & 
Nigam, Indian J. agric. Sci., 1933, 3, 663 : Mehta, 
ibid., 1939. 9, 711 : Tandon Tandon, Proc. nat. 
Acad. Sci. India, 194S, 18B, 17 : 'Fandon & Rhatnagar, 
ibid., 195S, 28B9 253). 

The ap])le fruit is subject to a number of physio- 
logical disorders during storage. Storage scald results 
from the accumulation of gases ; unhiushed or green 
side of the fruit is first affected and it assumes a 
( haracteristic burnt or scalded appearance. Waxing 
protects the fruits against scalding and also improves 
tlie appearance. Oiled jtaper may he used as wraps 
for individual fruits ; it may he employed in shreds 
for packing fruits in crates. The use of activated 
carbon for purifying llie air is recommended (Smock 
cV Neuhert, 218 22 : Chandler, 1957, 3(K)). 

Ritter pit, which affects Baldwin and some other 
types, is chnracleri/ed by the development of brown 
spots or streaks in the flesh. |)articularly beneath the 
skin. Large fruits and immature fruits are more sus- 
ceptible than others. Heavy doses of nitrogenous 
fertili/ers. excessive shading and heavy pruning are 
reported to favour pilling. Storage at 32-34°!". under 
comparatively high humidity affords control (Smock 
& Neuhert. 222 -25). 

Soft scald affecting certain types, like Rome Beaut\, 
Jrniatlnni, Winter Banana and Golden Delicious, is 
chara( teri/ed hv the a|)pearance of hlister-like sunken 
areas in irregular patterns on the fruit. Storage at or 
above 36° reduces soft scald. Soggy breakdown 
brown core, mealy breakdown, internal breakdown 
and Jonathan spot are other disorders affecting apples 
during storage (Smock & Neuhert, 226-35 : Chamller, 

Fruits develop off-flavours during storage if the 
oxygen coiifenr of the atmosphere is low. Storage of 
potatoes, onions or tabbage in the same room along 
with apples, leads to flavour contamination (Smock & 
Neuhert, 242). 


Marketing - k'ruits are packed in boxes of standard 
si/e, 22 in. x 16 in. x 10 in., in Kashmir and Kumaon : 
clean straw, pine needles or wood wool is used for 
lining. In the Punjab hills, boxes of varying sizes 
holding 40, 20 and 14 lb. are used ; before packing, 
the fruits are wrapped in tissue paper of varying 
colours ; aluminium foil, pliofilm and cellophane are 
also used. Wrapping should be loose to permit the 
circulation of oxygen and carbon dioxide. Tn Ranga- 
lore, apples are packed in circular bamboo baskets, 
12-16 in. X 8 10 in. (Bidl. Marketing Some hnportant 
Stone, Pome and Small Fruits and Pine-apples, 1950, 
26-28, 71: Smock Ik Neuhert, 186; Singh. Indian 
Fmg, 1946, 7, 574 : Kalra. Ptnijah Fr. J., 1946, 10, 
75 : Sukh Dyal, 104-07). 

Imports Fresh apples are imported into India 
mainly from japan and Australia ; small (|uaniities 
of dried apples are also imported (Table 2). India 
exports fresh apples mainly to Persian (iulf (oun- 
tries : the values of exports were Rs. 9,292 in 1957 ; 
Rs. 15,155 in 1958 and Rs. 1,929 in 1959. 

("oMFo.srnoN .wn Usks 

Apples arc valued mainly as dessert fruits. Some 
types, particularly those with high acid content, are 
used for culinary purposes. Fruits may be preserved 
for later use after slicing and drying : they are also 
canned and jams and jellies arc made from them. 
The juice extracted from the fruits is used fresh or 
after fermentation into cider, wine and vinegar : 
apple brandy is obtained bv distilling (ider (Hill. 
389 : Smock & Neuhert , 21). 

Apples are considered valuable as antiscorbutic 
fruits. 'They are rich in pectin and are useful in 
diarrhoea. Apple juice, syrup and vinegar reduce 
curd tension of milk used in infant feeding. Apple 
murraha, a preserve popular in India, is regarded as 
a stimulant for the heart : it is reported to relieve 
physical heaviness and mental strain. The bark of 
apple trees, particularly the root bark, is tonsidered 

TABLH 2— IMPORT OF FRKSH AND DRIED APPLES INTO INDIA 
fQty in cvvt. ;iiul val. in Rs.) 
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anthelmintic, refrigerant and hypnotic. An infusion 
of the bark is given in intermittent, remittent and 
bilious fevers. An antibacterial substance, phlorciin 
(<i)-/). hydroxy phenyl pn)pio])henone), has been iso- 
lated from apple leaves in a yield of 2.4% (tlry basis). 
It inhibits the growth of a number of Cram-positi\’e 
and Gram-negative bacteria and is active in concen- 
trations as low as 40 p.p.m. Phlorid/in is also present 
in apple shoots, root bark and seeds. Both phloretin 
and phlorid/in produce glucosuria in experimental 
animals | Schramm. Acta lyli\l()thcr., Aifist., 1959, 
6(1), 17 ; Kin. & Basu, II, ; Smock & Neubert, 
265-67 ; Parpia cl c//., 16 : MacDonald Bishop, 
Cauad, J. Hot., ic;52, 30 , 4S6 ; Indian J. Pliann., 

12 , i 26|. 

Apple wood (wt., 4S Ib./c'u.ft.) is strong, hard and 
compact. It stands seasoning well, but is susceptible 
to warping and splitting. It can be usc'd for tool 
handles, pipes, knobs, mallet heads, rulers, canes and 
turnery (Howard, 51 : Hill, 106). 

Chemical comlyosiiwn The composition of the 
apple fruit varies with variety, climatic conditions 
duritig the growing season, and tlic stage of maturity. 
The analytical values f.all within the following 
ranges: total .solids, 15.6 26.0: total sugars (as invert 
sugar), 9.5-17.4: glucose, 2.5 5.6; fructo.se, 6.5-1 i.S: 
sucrose, i. 5-6.0; acids (as malic acid), o. 5-1.0: and 
tannin, 0.02 f).i5“(.. The compositions of some varie- 
tic's of ap])les from Kashmir are given in Table 5. The 
vitamins, salts and organic acids are concentrated 
particularly in and just below the skin and the fruit 
should be eaten unpeeled [Jacobs, II, 149597: 
Winton Ik Winton, II. 565: Priithi ct al.. Food Sci., 
1960,9, 565 ; Schramm, Acta pli\tothcr., Amst., 1959. 
6(1). 17]. 

Sugars constitute c. 8o‘V, of the total carbohydrates 
of ripe fruits. Fructose is the principal component 
(c. 60%), followed hy glucose (25'V.) and sucrose 
(15%). Arabinose, xylose, sorbitol, a cvclitol (probably 
n7C5o-inositol), and two ketose oligosaccharides are 
present in mincer cpiantities. Other carbohydrates 
present arc starch, dextrins, pectic .substances, cellu- 
lose, heniicellulose and pentc^isans. Starch and dextrins 
are almost completely hydrolysed into sugars during 
the maturation of fruits after harvest : a part of the 
hemicellulosc is also transformed into sugars. 1 he 
cellulose c'ontent, however, remains almost cemstant 
while there is a gradual decline in the amount of 
pentosans. Ripe and mature apples contain (av. 
values): pento.sans, 0.50; lignin, 0.40: and c'elhilose, 
o.go^Y, (Hills & Willaman, Yearh. Agric. ILS, Dcp. 


TABLE J-CHEMICAL COMPOSITION OF THE FLESH C^F SOME 
IMPORTANT VARIETIES OF APPI ES FROM KASHMIR 
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Kasliiiiii'i 
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Deli 

eioiis 
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d..tS 

0.1 1 

0.00 

0.07 

0.50 
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1 .00 

1.51 
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1.72 

1.S5 
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()..H 

0.20 

0.22 
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I0..S0 
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111);, too 

12.0.2 
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10.04 

S.IO 

In HI, 111 ) 1 . Idd );. 

I.Vt 

O.SO 

O.SO 

0.52 

I.ll 

Aseorliic' ac id. 
Ml);. UK) ir. 

7..S2 

7.45 

s.so 

S.OI 

5.S4 

* I’ruilii <‘t til.. 

rttotl Sl'i., 1000, 9, .to.t. 





/IgnV., 1950-51, 256: Siddappa Bhatia, htdian ]. 
llort,, 1954, 11 , 19 ; Ash Reynolds, /l//.s 7 . J. Chan,, 
1955, 8 , 276; Smock Neubert, 56 61, 112 ; Jacobs. 
11 , 1495-97 : Winton cV Winton. 11 , 565). 

The pectin content of the edible portion of eating 
atul cooking a|)ples varies from 0.14 to o.cXi".. (as 
calcium ju'etate). rhe pectin content of the ptxd is 
higher than that of the flesh and during the ripening 
of the fruit, protopeclin is changcxl into soluble 
pectin, 'rhe amount of total pectic* materials remains 
fairlv c'onstant nniil the a|)ples btrome over-ripe and 
mealy, when soluble pectic substances break clown 
into non-pectic consiiruems. 'rhe uronic acid content 
of ap])Ie pectin varies from 0.5 to 15"., (Kertes/, 
2S6-S7 : Money & Christian, J. Sci. Fd /tgra*., 0^50, 
1 , 8 ; Biol. / 1 /Ls 7 r., 0^48. 22 , 175). 

Attempts to isolate proteins from ap|)les have yield- 
ed an impure material (N content, 8.5*;,,) contamina 
ted with polysaccharides, tannin-like compounds, 
etc. A small cpiantily of nucleo-protein is probably 
present. The non-protein fraction of the ri])e fruit 
contaiiks free amino acids, amides, ammonia nitrogen 
and basic nitrogen. Asparagine accounts for 50“,, of 
the non-protein nitrogen pre.sem in mature fruits : 
proteoses and polypeptides are present in small 
amounts. Several free amino acids, including i)ipe- 
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colinic acid, y-mctliyl prolinc and 4-hydmxy-mctliyl- 
prolinc, have l>cen ideniificMl in the alcoholic extracts 
of the fniir (Smock & Nciihert, 66-67 * l^^ivis cl aL, 
Food Res., 1949. 14, 417 ; McKee & Urbach, /. 
hiol. Sci.. 1953, 6, y)9 : I Inline Sc Arthington, Nature, 
IjuuL, 1954. 5*^^^ • Urbach, ibid., 1955, 175, 170). 

The vitamins present in the edible portion of fresh 
a|)ples are: thiamine, 0.12; riboflavin, 0.03; niacin, 
0.2 ; and ascorbic acid, 2 mg./‘^ S- » carotene, panto- 
thenic acid, pyridoxine, biotin, inositol and folic 
a(id arc present in small amounts. The ascorbic acid 
content varies widely and values up to 40 mg./ 100 g. 
have been reported in certain varieties : dehydro- 
ascorbic acid is |)resent in appreciable amounts and 
in most varieties, its concentration exceeds that of 
.iscorbic acid, 'riiere is a considerable loss of the 
acid during storage {flllli Bull!', No. 23, 1951, 44: 
Misc. Bull. U. S. l)ep. A^rie., No. 572, 1945 : 
Cheldelin <S: Williams. Lhiiv. Te\. Puhi, No. 4237, 
1942: Jacobs, II, 1496, 1523: Chem. Ahstr., 1951, 
45, 6315). 

Malic acid is the principal acid (9o-95Vn of the 
total acids) of the fruit ; citric, lactic and succinic 
acids are present : other acids reported to be present 
in traces are oxalic, formic, acetic, dibydroxy-tricar- 
ballylic, /-(piinic, glycolic, caifeic, coumaric and n- 
coumaryl (piinic acids. Stored api)le juice (45 days 
at 19-20"^) contains propionic and butyric acids. 
Sbikimic acid occurs in the peel and its concentra- 
tion increases with the ripening of fruit (Smock & 
Neubert, 61 64 ; Jacobs, II, 151S: Ilulme & Swain, 
Nature, Loud., 1951, 168, 254: Cdietu. Ahstr., 1954, 
48, io<;5i ; 49, 1236: 1956, 50, 17241: C'art- 

wright et al., C.heui. & hid., 1955, 1062 : Hulme, 
Nature, f.oiid., i(j56, 178, (991). 

'rhe wa\-like coating on the surface of apples is 
soluble in ether and contains ursolic acid, an oily 
fraction (iod. val., S0-140) and a waxy fraction. 'I'be 
oily fraction increases at a faster rate than ursolic- 
acid during the ripening and storage of fruit : it con- 
tains: fatty acids. 7085';,',: and unsapon. matter, 
t.‘> The waxy frattion contains: nonaco.sane, 

beptacosane, c/-io-nonacosanol, triac’ontanol, octa- 
cosanol and bexacosanol. The ether-insoluble fraction 
of the cuticle, referred to as ciilin, is a lipidc material 
consisting mainly of com|)lex hydroxy acids (Mark- 
ley Sc Sando, /. (/gnr. Res., 1931. 32, 705: Chihnall 
ct nl., Bioelieui. /., i(;3i, 25, 2095; Iluelin Sc Gallop, 
Aust. ]. sci. Res., i()5i, 4B, 526). 

A yellowish, someubat viscid essential oil, possess- 
ing the fragrance of fresh apples is obtained in 


0.0035% yield by ether extraction of aqueous dis- 
tillates of Ben Davis apple parings. It consists main- 
ly of amyl esters of formic, acetic and capnne acids 
together with caprylic ester, geraniol and acetalde- 
hyde. Analysis of apple essence (obtained from the 
juice of McIntosh and Staynian Wincsal) apples in 
25 p.p.m. yield) gave the following values: alcohols 
(methanol, ethanol, propanol, 2 -propanol, butanol, 
(/-2-mcthyI-biitanol, liexanol), (92 ; carbonyl com- 
pounds (acetaldehyde, acetone, caproaldehyde ;md 
2-bexenal), 6 ; and esters (ethyl butyrate and ethyl 
caproatc), 2% ; esters of methanol, ethanol, 2-propa- 
nol and butanol with formic, acetic, propionic, buty- 
ric and caproic acids have also been identified. 
Ksseiices prepared from the dilferent varieties of 
apples vary greatly both in (juality and (piantity 
(Power & Cbesnut, J. Amer. chem. Soe., 1920, 42, 
i5(K) : i(>22, 44, 2938 : White, Food Res., i<;5o, 15, 
68 : Griffin et al.. Fruit Prod. /., 1947, 4)- 

'I'be astringent principles of apple include tannins, 
tannin derivatives and (olouring materials (flavones). 
The concentration in which they occur vary accord- 
ing to variety, season and stage of maturity of the 
a|)j)le. Green fruits are rich in tannins (caflFetannin, 
r/-catechin and /-e|)icatechin) : tlie concentration 
decreases rapidly as the fruits mature on the tree. 
The browning of apple slices on exposure to air is 
due to the en/ymic oxidation of tannin compounds. 
'Phe relative proportion of astringents, sugars and 
acids in the fruit determines its flavour and eating 
(piality (Smock Sc Neubert. 74 -76 : Johnson el al.. 
Food Technol., Champaiirn, i(;5o, 4, 237 : Nakaba- 
yashi, /. a^ric. chem. Soc. Japan, 1952, 26, 813). 

The green colour of the peel of immature apples 
is due to chlorophyll. As the fruit matures on the 
tree, the colour changes into yellow or red or both. 
Several factors, such as the amount of sugars, leaf 
fruit ratio, sunshine and supply of water govern the 
formation of yellow and red pigments. The princi- 
pal yellow colouring matter is a llavone glycoside, 
liyperin (3-galactosidyl cpiercetin). An anthocyanin, 
idaen (3-galactosidyl cyanidin), has been identified 
as the pigment mainly responsible for the red 
colouration ; several varieties of Indian apples with 
red peels contain malvidin monoglycoside. The skin 
of Grimes Golden apples contains six (piercctin 
glycosides, vi/. hyperin, avicularin, c|uercitrin, iso- 
(|uerci trill, rutin and quercetin 3-xylosidc (Smock Sc 
Neubert, 77-82 ; Sharma & Seshadri, /. sci. induslr. 
Res., 19^^. 14B, 213 : Siegelman, J. hiol, Chem., 19^^. 
213,647). 
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Diastjise, oxidases (polyphcnolase, peroxidase and 
ascorbidase) and catalase are present in fairly high 
concentrations in apple tissue. The oxidase activity 
decreases with the maturity of fruit. The catalase 
activity is highest in the skin and least in the region 
immediately beneath the skin. High metabolic acti- 
vity of tissues is usually characterized by a high 
catalase activity. 'Fhe polyphenolase is responsible 
for the darkening oH apples. Ascorbidase, which 
converts ascorbic acid into dehydro-ascorhic acid, is 
reported to he present in high amount in indian 
apple (Smock & Neuhert, S3- 88 ; Bahhar, Indiafi J. 
tned. Rcs.f 1950, 38 , 263). 

An esterase which breaks down ethyl malonate, 
small amounts of protease of the trypsin or papain 
type, invertase (opt. /)1I, 4), pectin demethoxylase or 
pectase (opt. /?! I, 6.6), arahina.se, galactaiiase and 
polygalacturonase are among the other en/.ymes 
identified in the a])ple. The pcctase content varies 
markedly according to the variety and stage of matu- 
rity (Smock & Neuhert, 8y ; Cdictii. /\hsir,, 1953, 47 , 
173 : Pollard & Kieser, /. Sci, Fd Af^ric., 1951. 2 , 30 : 
Ozawa & Okamoto, Rcj). Ohara hist, airrir. Rr<., 
1952, 40 , 103). 

A[)ple is considered a good source of potassiuiti. 
riie edible portion of fresh apples contains: calcium, 
6 ; magnesium, 6 ; pota.ssium, 111; sodium, 2 : jthos- 
phorus, 1 1 ; chlorine, 4 : sulphur, 5 : and iron 

0. 3 mg./ too g. : copper (85 ^;g./ kk) g.). manganese, 
aluminium, zinc, iodine, boron, lead and arsenic arc 
present in traces. The mineral constituents of the 
apple are considered \aluahle for human nutrition 
(Sherman, 682 : Smock Neuhert, 68 70 ; Ikigchi 

Chowdhury, Auii, liioclinH., 1949. 9 , 107 ; 

rimberlake, agrir. hurl. Res. St a., Ihislul. 

H951). 

Apples contain small anu)unis of phos[)haiides, in- 
cluding lecithin. 'I'he unripe fruit contains (alcium 
oxalate which disappears with ri|)ening. Mthylene 
has heen identilied among the ga.ses evolved during 
the storage of ripe fruits. The temperature of storage 
has a marked effect on the evolution of ethylene. 
More ethylene is given off by des.sert varieties than 
by culinary varieties. In addition to ethylene, traces 
of acetaldehyde, ethyl alcohol, acetone, esters of amyl 
and other alcohols are also formed. Some of the 
volatile products are toxic and tend to cau.se damage 
to stored apples (Jacobs, If, 1524, 1515-16: 'rhorpe, 

1 , 451 ; Chcvi, Ahslr., 1951, 45 , 220 ; Thompson, Aust. 
J. sci. Res., 19^1, 4 B, 283: Huelin, ihid., 1952, 5 B, 
32 «). 


/!/)/)/(* seeds The .seeds obtained as a by-product 
Irom processing plants contain 0.62-1.38';.. amygda- 
lin (IlCN e(|uivalent, 0.037-0.08270) and yield 18 2370 
of a bright yellow, semi-drying oil with an agreeable 
odour of hitter almonds. The oil has the following 
characteristii s : .sp. gr.~'’ , 0.902 -0.923; , 1.466- 

1.468 ; acid val., 0.9 3.0: sap. val., 186-197 : iod. val., 

1 19-123; hydroxyl val., 9; R.M. val., 0.2 -i.o; 
Boletiske val., 0.4 0.5 : and unsapon. matter, 0.8- 
1.8;,,. I’he oil is of little ect)uomic importance as it 
is available in very limited (|uantities (Kckey, 460 ; 
Winfoii < 1 ^ Winton, II, 581 ; Jacobs, II, 1523). 

AeiM.K PKODt'ClS 

Dried alyjdes Apple puzvder - Dehydrated apples 
(moisture content. 3';,, or le.s.s), apjile flour or powder, 
and dried apples (moisture content, 24';.,) in the 
form of rings, chops and sauces are available in com- 
merce. Dried apples lind u.se in bakeries; apple flour 
is used in the treatment of certain types (»f infant 
diarrhoea (Smock Neuhert. 274-76). 

For dehydration, fruits which are relatively rich 
in acid conrent, good flavour and firm texture are 
preferred. Aiiihri. Ouldeii Delicious, Red Pippin and 
Yellozc Pippin are satisfactory for the jiurpose. Peeled 
fruits are cored, cut into segments, and steam-blanch- 
ed or exposed to sulphur fumes to prevent browning ; 
they are then spread on trays and dried in a kiln or 
tunnel drier at i4o-i75'’h\ Vacuum .shelf driers arc 
used to obtain a product of superior (piality. Phe 
flehydrated product contains: water, 1.6; protein. 
1.4: fat, I.o; total carbohydrates, 90.1 ; fibre, 3.8: 
and ash. 2.0',’,,: laUium, 24; |)hosphorus. 42; and 
iron, 4.1 mg./ 100 g. : ascorbic acid, 9 : thiamine, 
0.02: lihoflavin, 0.04: and niacin, 0.5 mg./ 100 g. 
(.Saxena et aL. Bull. eenl. I'd technoL Res. Inst., 
Mysore, 1955 56, 5 , 241 ; Smock Neuhert, 287 96 ; 
Paveek et al., hiduslr. Fnfrnfr ('hem., 1946, 38 , 853). 

Canned frozen apple Canned apples are 
usually available in large packings and are used in 
pies. Apple segments are preser\ed by dehydro- 
freezing which involves partial drying of prepared 
fruit to c. 50'’,, moisture and suh.secpieiit freezing 
(Cirdhari Lai et al., 60 ; Smock & Neuhert, 296 -310). 

Apple juice — Ye/lozc Nezeton and Bahhvin types 
from Kuhi are generally favoured for the production 
of a|)ple‘ juice. Ripe and sound fruits are pre.ssed 
out in basket type or rack-and-cloth presses. The 
yield of juice varies from 150-180 gal. per ton of 
fruit. The juice is straitied through a thin layer of 
cotton wool or coarse muslin cloth and bottled after 
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pavStciirization. For preparing a product with good 
flavour, juices from several apple varieties are blend- 
ed. Prior treatment of freshly extracted juice with 
pectin decomposing enzymes (Filtragol or Pectinol), 
kaolin, or gelatin-tannin gives a clear product 
((iirdhari Lai ct aL, 128 : li;d Singh & Girdhari Lai, 
MisL\ Bull, Imluni Coun. agric. Res., No. 39, 1(940 ; 
Jacobs, III, 2198). 

Fresh apple juice is an amber coloured iluid with a 
mild, delicate flavour. Analysis of juices from 19 
varieties of apples grown in Kiilu gave the following 
ranges of values: total solids, 10.07 15.24" 

63" F. : sp. gr., 1.038-1.061 ; acidity (as malic acid), 
o. 20-0.80 Vo ; and tannin, 0.021-0.080%. Fresh juice 
from Baldwifi apples contains 11.06% total sugars. 
Apple juice is a po[)iiIar beverage. Its ingestion in- 
creases the ac idity of gastric juice. It is recommended 
for the treatment of diarrhoea and j^eptic ulcers. 
Apple juice concentrates are prepared hy evaporation 
of the fruit juice at low temperature ; they are used 
ill the manufacture of fruit beverages, jams and 
jellies. Apple syrups are obtained from cleacidilied 
juice by concentration. They find use in beverages, ice 
cream, candy and bakery products. They are used 
also in infant feeding for reducing curd tension in 
milk and as a source of carbohydrates (Lai Singh &L 
(iirdhari Lai, loc. cit. : Food Sci., 8, 327 ; Smock 
Netibert, 267, 329, 366, 375 76 ; Magee, Food 
Manuf., ic;52, 27 , kai . ,* CUvm. Abstr., 1954, 48 , 1496 : 
Jacobs, III, 2203 : Buck ^ Mottern, Ifiduslr. Fttgng 
Clictn., 1(945, ^35)- 

Ap[)tc cider -Cider is obtained by the alcoholic 
fermentation of apple juice : it contains o.5-8';o 
(av. 5.5%) alcohol. Fresh filtered juice (from apples 
with high tannin content) is inoculated with a pure 
culture of wine yeast after adding potassium metabi- 
sulphite (1.5 grains/lb. juice) and ammonium liydro- 
gen (phosphate (0.02 -<3.05%) : sucrose is added to 
raise the density to 22" Brix. The temperature is 
maintained at 65 7o"F. and when the fermentation 
is (omplete, the clear li(|uor is separated from the 
yeast sediment and aged in oak casks. It is then 
carbonated and bottled. Large (luantities of cider arc 
also produced by fermentatmn of fresh juice with 
yeasts naturally associated with apples (Smock & 
Neubert, 378. 388 : Jacobs, III, 2422 : Brochure on 
Home-scale Food Preparation Series, Cent. Fd 
technol. Res. Inst., Mysore, No. 28, 1959). 

Apple zvine -Apple wines arc classified on the 
basis of their alcoliol and sugar contents. Wines 
containing not more than 14% alcohol are produced 


by the fermentation of a mixture of apple juice and 
sugar ; those with higher alcohol content are prepar- 
ed by adding apple brandy. I’hc alcohol c(3ntcnt of 
wine may be increased also by freezing, Apple wine 
is filtered and aged for 2-3 months in tanks or casks 
(preferably oak casks) to produce a mellow spirit with 
pleasant flavour and aroma (Smock & Neubert, 
403-06). 

Apple /3rrt/n/v Apple brandy is obtained by dis- 
tilling clarified cider in pot stills. The first distilla- 
tion yields a product containing c. 3(3% alcohol ; it 
is redistilled to give brandy with 55^67% alcohol con- 
tent. High-proof brandies containing up to 95% 
alcohol are obtained by continuous distillation of 
cider in a series of pot stills. Apple brandy is aged 
in oak casks until mellow and filtered before bottling. 
Fruits and cider of inferior (juality, and wastes from 
apple-processing jilants are utilized for the produc- 
tion of brandy. Yields of 10.7 12.6 gal. of 95% alco- 
hol per ton of ajiples have been reported (Smock 
Neubert, 406 oS). 

Surplus and waste apples may be utilized for the 
production of industrial alcohol. Toridopsis utilis 
may be grown in ttppL* juice media using ammonium 
sulphate and ammonium hydroxide as nitrogen 
.sources; a yield of 42 g- sugar has been 

obtained. Gluconic acid is obtained by fermentation 
of apple juice using Peuieillium cilrinum as inocu- 
lum (Smock Neubert, 410, 417). 

Apple jam murraha — Peeled fruits, freed from 
core, are used for the preparation of jam. The 
material is cut into pieces and cooked with water 
until soft ; sugar is then added and cooking continu- 
ed until the soluble solids content reaches ('. 68%. 

Af)pie murraha (preserve) is prepared from firm 
fruits which are peeled, cored and cut into sections. 
The pieces are blanched in hot water containing 
.sodium bisulphite ; lime water or alum is added as 
a firming agent. The pieces are pricked all over and 
cooked with sugar syrup (36-38" Brix) to which a 
small quantity of citric acid has been added. The 
finished product (strength of syrup, 70" Brix) is cool- 
ed before packing (Smock & Neubert, 432-33 ; 
Girdhari Lai et al., 180). 

The proximate compositions of fruit segment and 
.syrup in a .sample of apple fnurraha after storage for 
40 weeks at 24-30", were as follows: fruit segment- 
moisture, 27.88: ether extr., 0.12; protein, 0.09; 
acidity (as citric acid), 0.13 ; reducing sugars (as invert 
sugar), 32.62 ; total sugars (as invert sugar), 64.00 ; 
crude fibre, 0.64; and ash, 0.25%: calcium, 130.80; 
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phosphorus, 6.14 : and iron, 2.S0 mg./ 100 g. : s^rup ~ 
nioisriirc, 27.58 ; crhcr cxir., 0.04 ; protein. 0.02 : 
acidity (as ciiric acid), 0.15 ; reducing sugars (as in- 
vert sugar), 32.51 ; total sugars (as invert sugar). 
65.52 : crude iihre, 0.17 ; and ash, 0.29% (Bhatia & 
Siddappa, Bull. cent, lul Icchnol. Res. Inst., Mysore, 
5, 238). 

Apple butler Apple butter is a smooth, semi-solid 
material prepared hy cooking the triiiis with water 
1111(11 soft, I'ollowed hy screening. "I he pulp is mixed 
with sugar or ajiple juice and the mixture concentrat- 
ed until the desired consistency is attained (soluble 
solids, 43 'X*). Spices or other Ha voii rings may he 
added c. 10 min. before the completion of cooking 
(Smock & Neuheri, 434 : Campbcirs Book, Vance 
Publishing Corporation, Chicago, 1950, 105). 

Apple ponuiee — Apple peel and core, obtained as 
wastes during the manufacture of apple products, are 
dried for use as a source of pectin or as animal feed. 
The dried material may he stored for years without 
deterioration. Analysis of dried apple pomace gave 
the following values: moisture, 11.0 12.5; N-free 
extr., 54.77-59.29; pectin, 15.0-18.0; crude fibre, 
15.35 20.55 ; protein, 4.45 5.67 ; fat (ether extr.), 
3.75 4.65; atid ash, 2.1 1 3.50%. It may he fed to 
animals as such or after ensiling. The average 
nutritive values of dry and ensiled a[)ple pomace are 
as follows: dr\ pojfiacc moisture, 10.4 ; |)rotein, 4.3 ; 
digestible protein, 1.6: and total digestible nutrients, 
64.5V,, : nutritive ratio, 39.3 : ensiled pomaee- mois- 
ture, 79.1 : protein, 1.6: digestible protein, 0.6: anti 
total digestible nutrients, 14.3', *n : nutritive ratio, 32.8. 
The silage is usually fed to milch cows after milk- 
ing to avoid olf-flavour in milk. Dried pomace is 
used as a carrier for insect hails. Special preparations 
of the pomace are useful as diet su|)plements to 
patients suffering from colic and gastritis (Hills tV 
Willaman, Ycarb. Agrie. U. S. Dep. Agrie., 1950-51, 
256; Smock & Neuhert, 439-43, 450 ; Morrison, 551, 
1036, 1044: Chem. Abstr., 1955,49, 12747). 

Apple pectin — Dried apple pomace is ground and 
leached with water to remove soluble matter. The 
residue is extracted for i hr. with boiling acidulated 
water (pll, 2.8-3.2) containing polyphosphates. The 
extract is pressed out, centrifuged after standing 
and concentrated under vacuum. 1 he concentrate 
(pectin content, 3-5 ‘X.) may he used as such or 
dried into powder in spray or drum driers. Alter- 
natively, the pectin may he precipitated hy alcohol 
or aluminium salts (Smock & Neuhert, 447-48 ; 
Kertes/, 450). 


The residue remaining after pectin extraction is 
used as animal feed. The dried residue (digestible 
protein, 2.6% : total digestible nutrients, 62.4% ; and 
nutritive ratio, 23.0) is not relished hy dairy cows and 
should he fed along with palatalile concentrates 
(Morrison, 551, 1^)42). 

MALVA I .inn. {Malvaceae) 

A genus of herbs and shrulis, popularly known as 
Mallows, distrihuied chiefly in the temperate regions 
of the Old World ; some spei ies have bec ome 
naturali/ed in North America. /\hout 5 specie's are 
found in India. 

M. parviflora Linn. 

D.L.P., V, 141 : FI. Br. Ind., 1, 321. 

Hindi Banirak. 

Punjab — Gogisag, lunnia, sonclial, supra. 

A spreading pubescent herb, 15 45 cm. high, 
disirilniled over the greater part of India. Leaves 
suh-orhicular, cordate : Howers purplish or white ; 
fruits round, llatieiied ; seeds black, glabrous. 

The plant is used as a pot-herb : green fruits are 
also eaten. In Mexico, the plant is cooked like 
s|)inach, which it resembles in taste, though more 
fibrous. It is a rich source of calcium, iron and 
carotene. An analysis of the Mexican plant gave the 
following values: moisture. 85.9: nitrogen, o.(;4 ; 
and ash, 2.6“,,: calcium, 312; phos|)horus, 73: iron, 
19.5; carotene, 2.53: thiamine, 0.1 1; riboflavin, 
0.19 ; niacin, 0.95 : and ascorbic acid, 45.4 mg./ 100 g. 
(Neal, 484 : Cravioto el ah, ]. Nutr., 1945, 29, 317). 

The j)Iant is considered emollient and pectoral. 
An infusion of the leaves is taken as a nerve tonic 
in wSouth Africa. A decoction of the leaves is used 
as a taenicide and as a lotion for hruises ; leaves are 
also used for poulticing wounds and swellings. 'Lhe 
seeds are demulcent and used in cough and ulcers 
in the bladder : (hey yield 18 ’., of a fatty oil (iod. val., 
98-99). In Kumaon, ilie root is said to he used for 
cleansing hair and washing woollen clothes (Kirr. A' 
Basil, r, 303 ; fxkey, 663 ; Watt (S: Breyer-Brandwijk, 
117 : (Ihopra et al., 236). 

'Phe plant is considered poisonous to livestock : 
animals develop spasms if they are worked or driven 
soon after feeiling on the plant ; the symptoms are 
still gait, repeated falling and struggling to rise and 
trembling or shivering, particularly in shoiiltlers anil 
hind quarters. Many cases of ‘staggers' in sheep have 
been recorded in Australia ; cattle and horses are 
also susceptible. Lambs are liable to staggers from 
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FIG. «7. MALVA PARVIFLORA-FI.OWliRING BRANCH 


the milk of the ewe. Rest and change of diet ensure 
recovery hut no iminiiniry can he built up. The plant 
also causes ‘pink-white’ in hen's eggs ; an unsatural- 
ed fatty acid, malvalic acid (C,ji.,aOo), present in 
the fatty oils from the leaves and seeds of the plant, 
is resj)onsihle for the pink-white disease. Malvalic 
acid possesses strong surface active properties ; the 
potassium salt of the acid enhances the haemolysis 
of sheep erythrocytes (Chopra cl al., 236-37 ; Webb, 
Bull, Cnu}i. sci. indust r. Res. Ausi., No. 232, 1(^48, 
103 ; Connor. Bull. Dcp. sci. imluslr. Res. N.Z., 
No. (;9, ic;5i, 46; Shenslone & Vickery, Nature, 
Loud., 1956, 177 , 94 ; Macfarlane et at., ibid., 1957, 
179 , 830). 

M. rotundifolia Linn. 

D.K.R, V, 141 ; FI. Ik. Ind., I. ^20: Kirt. cV Basil, 
PI. 1 17. 

Hindi— ; Ti:L.—Trikalamalli ; Kan.— 
Kad ukadalegida. 


Bombay - Kliaparktiti, cliandiri. 

A much-branched sparingly pubescent herl) found 
in Simla and Kumaon ; it is also recorded from the 
plains of North India and Deccan. Leaves sub- 
orbicular ; Howers pale purple or white ; fruit olive- 
brown with brown black seeds. 

The plant is reported to be used as a pot-herb ; 
render shoots are eaten as salad. It is also used as 
fodder. 'l*he air-dried plant contains: nitrogen, 0.41- 
0.42 ; ash. 17.25-17.45; and water-soluble extractives, 
40.0%; leaves contain 117.5 mg./ 100 g. of ascorbic 
acid. Other constituents isolated from the plant 
include a fatty oil containing oleic, stearic and 
palmitic acids, a wax which is primarily octacosane, 
a phjtostcrolin, ara binose, potassium nitrate, potas- 
sium chloride, calcium sulphate, mucilage and resins 
{Nulr. Abstr. Rev., 19548, 28 , 1093: Curts Harris, 
j. Amer. phartn. /Isv., sci. Edn, 1949, 38 , 470: 
Medsger, 165). 

The dried leaves of M. rotundifolia and A/, selves- 
Iris yield the j)harmacopoeial drug Malvae Folia 
or Mallow Leaves, used as demulcent anil emolUeni. 
A/, rotundifolia is ii.sed in glycosuria and stomach 
disorders and as emmenagogue. It is used also in 
fomentations and poultices for relieving sore throat 
and ophthalmia and for maturing ab.scesses. Seeds 
are demulcent and are prescribed in bronchitis, 
cough, inilammations of the bladder and haemor- 
rhoids ; they contain 7-8Vr. of a fatty oil (iod. val.. 
98-(;9). Flowers contain tannin (Gathercoal & Wirth, 
96 : Merck Index. 596 : Kirt. ^ Basil. I. 302 ; Chopra, 
1958, 598, 6'J5 ; Curts Harris, loc. cit. : Fckey, 663 ; 
Hocking, 134; Watt & Breyer-Brandwijk, 117). 

M. sylvestris Linn. 

1 >.F.P., V, 141 : FI. Bi. Ind., I, 320: Kin. ^ Basu, 
PI. 117. 

1 liNDi — Gulkhair, kunzi, vilayatikangai. 

Bombay — Khubasi ; Kashmir- Khalazi. 

An erect, branched, woody biennial or perennial, 
30 120 cm. high, found from Kashmir to Kumaon 
up to an altitude of 2.400 m., and in Bihar and parts 
of the Deccan Peninsula, mostly as a weed. It is also 
cultivated in garden.s. Leaves 3-7 lol>ed, on long 
stalks ; (lowers purple : fruit smooth ; .seeds reniform. 

The leaves are eaten as a vegetable ; young carpels 
and seeds are also eaten. An analysis of the leaves 
from Mexico gave the following values: moisture, 
92.0; nitrogen, 0.33; and ash, 1.7%: calcium, 221 ; 
phosphorus, 36 ; iron, 9.7 ; carotene, 4.8 ; thiamine, 
0.10; riboflavin, 0.24; and niacin, 0.44 mg./ 100 g. 
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The plant is a good source of carotene and calcium ; 
ascorbic acid is present in appreciable amounts 
(("ravioto ci r//., /. Nutr., 19^5, 29 , 317 ; Clicm, 
Ahstr., 1938, 32 , 6336: Brimble, 120; Medsger, 

All parrs of the plant arc rich in mucilage. 'Fhe 
herb possesses demulcent, cooling, aniiscptic and 
emollient properties. It is used in pulmonary and 
urinary alTections and also in external applications 
for abscesses and inflammations. Flowers and imma- 
ture fruits are used for whooping cough : they are 
oflicial in French anti Swiss pharmacopoeias ; leaves 
are oHicial in Swiss pharmacopoeia (Kin. & Basu, I, 
301 ; Chopra, 1958, 598 : ("aiiis, /. Bombay^ nut. Hist. 
Sac., 1942-43* 43 * 495). 

An extract of the leaves stimulates the smooth 
muscles of isolated uterus and intestines : the 
active principle is present to the extent of 0.018',:.. in 
the leaves. Mowers are used for colouring wine red. 
The colouring matter of the flowers is a diglucoside, 
malvin (CaJI.u^ir* (Wehmer. II, 757 ; 

Clicni. Ahstr., 194b, 40, 1589: Steinmetz, TT, 288; 
Mcllroy, 57). 

M. verticillata Linn. 

D.K.P.. V. 143; FI. Br. Ind., I, 320. 

Bk.n(;. — Laplui, naplut. 

Assam — Laffa. 

A hairy herb, 30-120 cm. high, found in temperate 
Himalayas from Punjab eastwards to Assam, ascend- 
ing up to an altitude of 3,600 m., and in Nilgiri hills. 
Leaves long-stalked, cordate, downy : flowers pink, 
crowded, in clusters. 

The herb is eaten as a vegetable in As.sam, where 
it is grown as a cold weather crop. Seeds are sown 
in November and leaves harvested in I'ebruary. The 
plant is used as animal feed as such or after ensilage. 
Malvalic acid has been identified in the oils from 
leaves and seeds | Carter & Carter, Rcc. hot. Surv. 
India, 1921, 6 (9), 395 : Clicni. Ahstr., 1938, 32 , 5039 : 
Shenstone & Vickery, Nature, Land., 1956, 177 , 94: 
Macfarlane et al., ibid., 1957* 179 , 830]. 

The root of M. verticillata is used for whooping 
cough in fndo-China. The ash of dried leaves is given 
in scabies (Kirt. & Basu, T, 304). 

MALVASTRUM A. Gray {Malvaceae^ 

A genus of herbs and shrubs found chiefly in 
America and Africa ; a few species are widely dis- 
tributed throughout the tropics of the world. Two 
species have been recorded in India. 


M. coromandelianum Garcke syn. A/, tricuspidatum 
A. Gray 

FI. Br. Ind., I, 321 : Mudaliar & Rao, PI. 38. 

An erect or ascending herb or an undershrub, up 
to 90 cm. in height, with ovate-lanceolate leaves and 
yellow flowers found as ;i weed in waste places 
and cultivated fields throughout the greater |)art 
of India. 

T he weed may be controlled by grubbing the 
surface of the soil or by pulling out the plants. 
Application of 0.2“,, MCPA (methyl chlorophenoxy 
acetic acid) is also said to be helpful [Mudaliar & 
Rao, 99 : Ram Gopal, Indian Fmg, N.S., 1954 35, 
4 (10), 23|. 

'rhe plant is considered to possess bechic, emol- 
lient and resolvent projterties. A decoction of the 
|)lanr is given in dysentery. The leaves arc applied 
to inflamed sores and wounds as a cooling and 
healing salve and flowers arc given as a pectoral and 
diaphoretic. The plant apparently shows no anti- 
bacterial properties. The stems yield a fibre and are 
used for making brooms (Kirt. & Basu, I, 305 ; 
Brown, 1941, 11, 422 ; FI. Assam. 1, 141). 

A/, americanum Torr. syn. A/, spicatum A. Gray 
is a weed, u|) to 60 cm. in height, found in various 
parts of India. It is said to be poisonous to sheep. 
The plant contains 0.5 2.5 Vo total oxalate (calculat- 
ed as oxalic acid) and po.ssibly an alkaloid (Webb, 
Bull. Conn. sci. indust r. Res. Aust., No. 232, 1948, 
103 ; Cheni. Ahstr., 1954, 48, 14037 : Webb, Bull. sci. 
industr. Res. Orff. Aust., No. 241, 1949, 34). 

^MAMMEA I .inn. emend. (Gulliferae) 

A small genus of trees distributed in tropical Asia, 
Africa and America. Three species have been record- 
ed in India, including AL ainerieafia introduced from 
America. 

M. americana Linn. Mammf.y Apple 

Bailey, 1947. II. 1975, Fig. 2313. 

A small or moderate-sized, slow growing tree, 
12.0 18.0 m. or more in height, native of West 
Indies, and widely cidtivated throughout tropical 
America and other parts of the world including 
India. Flowers white, fragrant, borne singly or in 
clusters : fruits reddish green or russet, globose, 
c. 15.0 cm. in diam., with thick leathery outer skin ; 

* 'riu* Asi.'iii spccic.s ;irc usually assigned to the genus Oc/iro- 
carfms Thouars ; recent authorities, however, feel the two genera 
should he united, there being no constant characters or correla- 
tion of characters bv which thev could be distinguished (Dc 
Wilde, Acta hot. ncerl, 1956, 5 , 171). 
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seeds 1-4 embedded in an orange coloured, sweetish, 
aromatic pulp. 

The tree j)refers a rich well-drained soil and can 
he propagated by seeds. It grows well in Calcutta 
and yields a plentiful crop of fruits (Record & Hess, 
I S3 : Popenoe, 403 : Firiningcr. 245). 

The fruit is eaten raw or stewed. Ft can he cut 
into slices and served with wine and sugar or 
preserved in syruj). The ])ulp is used also in jams 
and sauces. In West Indies, an aromatic licpior 
called Eau-dc-Crcoh\ is distilled from the llowers 
and used for llavouring purposes (Popenoe, 403 ; 
Chandler, 311). 

Analysis of the edible portion (62”,,) of the fruit 
gave the following values: tvaier, 86.5 ; protein, 0.6 : 
fat, 0.3; total carbohydrates, 12.3: fibre, 1.5; and 
ash, 0.3“,,: calcium, 13 mg.; iron, 0.4 mg.: vitamin 
A. 280 i.u. : thiamine, 0.02 mg. ; rihollavin, 0.04 mg. ; 
niacin, 0.5 mg. ; and ascorbic acid, 15 mg./ too g. 
Citric acid (0.6“;,), sucrose (55%) and reducing 
sugars (3.97 .) *'ue present : the ash is alkaline (Chat- 
lield, FAC) nttlr. Stud., No. ii. t954, 38. 49: Winton 
& Winton, II, 781). 

'riic seeds which are hitter and resinous arc highly 
toxic to several insect pests, including cockroaches, 
mos(|uitoes and flies. An infusion of the seeds in 
water is effective against lice and fleas on animals 
and human beings; that of the fruit pulp (1 Ih. of 
pulp in r gal. of water) is as eflicacious as iV.'. DHT 
suspensions in controlling ticks and fleas in dogs, hut 
somewhat less effective in resisting reinfestation. The 
gummy sap of the thick rind and developing seeds 
of half-ripe fruit are also active ; seed Inills are inert ; 
the hark shows feeble activity, hut the leaves are 
more potent, though less active than seeds. Powder- 
ed mature seeds retain their insecticidal activity 
indefinitely and can be employed in the form of dust 
or spray. Acpieous extracts of the hark are useful as 
tick-washes (Ilnrt, Ahslr., 1952, 22, 93: Plank, Trojy. 
A^ricidturc, Trin., 1950, 27 , 38 ; Chem. Abslr,, 1945, 
39 , 2617 ; 1951, 45 , 4394). 

The insecticidal activity of the seeds resides in the 
resinous matter. Fxtraction of seed j)owdcr with 
petroleum ether yields a sticky semi-solid mass from 
which a crystalline compound (CiJI^aO,, m.p. 130- 
31°) and an amorphous substance (softening at 
*7^^“75°) have been separated ; the latter accounts 
for 74'X, of the activity of the original extract and 
is 20% as toxic as rotenone. 'Phe seed extract con- 
tains antibiotic substances which are active in vitro 
against certain bacteria. The seeds yield a fixed oil 


(iod. val., 19.3) suitable for use in cosmetics and 
pharmaceutical preparations. The wood of M. amcri- 
cana is reddish brown, hard and durable ; it is fairly 
straight-grained, and medium-textured and takes 
good polish. It is suitable for cabinet work {Hort. 
Abstr,, 1952, 22 , 95 ; Morris Pagan, /. Arner, chem, 
Soc., 1953, 75 , 1489: Clicm, Abstr., 1938, 32 , 9534; 
Record & Hess, 183 ; Btirkill, II, 1399). 

M. longifolia Planch. Triana syn. Ochroairpus 
loHirifoliiis Benth. & I look. f. 

D.F.P., V, 439 ; FI. Br. Ind., I, 270 ; Kirt. & Basil, 
I, 269, PI. 105. 

Sans . — Nagakesara ; Hindi — Na^krsar ; Bkno. — 
Naj^rsar ; Mar. — Pinniag, snrin^i ; Gi^j. — Ratinag- 
hesar ; Tel. — Suraponna ; 'Pam. — Nagappu, nagesar- 
pit ; Kan. — Wmidi, suragi, gardundi ; Mal . — Scraya ; 
Okiya — Chtiriann. 

A large tree with a cylindrical trunk, 12-iS m. 
high and 1.8 m. in girth, found in the evergreen 
forests of western India from Khaudain southwards 
to Malabar and Coimbatore, ascending to an altitude 
of 600 m. Leaves broadly ov'ate, thickly coriaceous ; 
flowers globose in hud, white or pinkish, sweet 
scented, in dense fascicles ; fruits c. 2.5 cm. long, 
ohli(|uely ovoid, enclosing 1-4 seeds. 

A/, longifolia is valued as an avenue or compound 
tree and cultivated for its handsome foliage and 
sweet scented flowers. The flowers appear in the hot 
wrather and fruits ripen during the rainy season 
[Haines, II, 54; V\. Madras, 75; Firminger, 610; 
Benthall, ^2 ; Santapau, Rcc. bol. Snrv. India, 199^, 
16 ( 1 ). .8]: 

Fi'csh flowers of the tree arc used like those of 
Alcsna ferrea for worship in temples and for personal 
ailornment. Dried flowers keep their fragrance for a 
long time ; a perfume, resembling that of violets, 
can he extracted from them. Flower buds contain a 
colouring matter which dyes silk red. The buds 
possess mild stimulant, carminative and astringent 
properties and are used in dysjiepsia and haemor- 
rhoids [Krishna & Badhwar, /. sci. induslr. Res., 
1947, 6 (4), suppl., 50 ; Krishnainurti Naidu, 142]. 

The fruit is edible : it contains a soft juicy pulp 
with the flavour of rose water. The wood (wt., 

60 Ih./cu. ft.) is red, hard, close and even-grained ; 
it is occasionally used for building purposes 
(Benthall, 32 ; Talbot, I, 97 ; Cameron, 15). 

M. siamensis T. Anders, syn. Ochrocarpus siamcn- 
sis T. Anders, is a middle-sized evergreen tree, native 
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of Burma, S. Vict-Nam and Thailand, reported to 
occur in the [.iishai hills. It is similar to M. longi- 
lolia and bears white fragrant flowers and ovoid 
fruits, c. 3 cm. long. An essential oil with the aroma 
of violets has been isolated from the flowers. The 
pollen is said to he used by the Siamese as a 
cosmetic. Seeds contain 7% of an acrid resin. The 
wood of this species is similar to that of other species 
already referred to : it is suitable for cabinet work 
|f'l. Assam, I, iii : Krishna & Badhwar, lo(\ cit. : 
Wehmer. 11 , 7S4 ; Burkill, II, 1570 ; (iamhle, 56]. 

Mammey Apple — see Mammea 

Mana Grass — see Cymbopogon 

Manatees — see Halicores 

MANDRAGORA I , inn. {Solmuiceae) 

D.KP., V, 143 ; Kl. Br. Ind., IV, 241. 

A small genus of ])erennial herbs native of the 
Mediterranean and Himalayan regions. One species 
occurs in India. 

A/, eaiilescens C. B. Clarke is a herb, 30-36 cm. or 
more in height, with stout roots, obovatc leaves and 
campanulaie, greenish jnirple flowers, found in 
Sikkim at altitudes of 3,600 3,900 m. The plant con- 
tains an alkaloid mandragorine (C-,.,l I,.,O.N) and is 
suspected to be poisonous ; mandragorine yiedds on 
hydrolysis tropic acid and a base resembling tropine 
|Smitb, Rec, hot. Siirv. India, 1913, 4 (7), 3(^9 : 
Chopra, icy^S, 547 ; Henry, S3]. 

A/, autunnudis Spreng. syn. A/. nncroc(tr[ya 
Bertol. and A/. olJicinnnim Linn. (M.\m)Rake ; Hindi 
— Utekniuna, lufali ; Benc;. — Yehruj ; Ta.m. — Knal- 
jnti) are herbs found in the Meditcrnmean region. 
The roots of these plants are reported to possess 
properties similar to those of bellaclona and are sold 
in the bazaars of North India. The drug is consider- 
ed .sedative, liypnotic, mydriatic: and anae.stbetic : in 
Patna, it is used as a narcotic. The roots arc reported 
to contain the alkaloids, hyoscyamine, hyoscine, 1//- 
hyoscyaminc (probably identical with /zorhyoscya- 
mine), cuscohygrine and mandragorine (Martindale. 
1 . 137S ; Hocking, 134: Henry, S3: van Haga, 
Nature, Loud., 1954, 174 , S33). 

Mandrake — see Mandragora 
MANGANESE ORES 

Manganese occurs chiefly as Pyrolusite, Braunite, 
Psilomelanc and Manganite. The first three arc by 


far the most important ores of manganese and 
account for over 95% of the world’s output. Manga- 
nese ores of lesser importance include Hollandite, 
Sitaparite, Jacobsitc. Ilaiismannite. Rhodonite and 
Spessartitc, 

Pyrolusite (MnO.^ ; sp. gr., 4.73 4.S6 : H.. 2.0-2.5) is 
the most common ore of manganese. It occurs in 
fine-grained, sub-crystalline, friable form and is iron- 
black or dark steel-grey in colour. The coarse crystal- 
line variety is called Polianite. Pyrolusite is a mineral 
of secondary origin. 

Psilomelaue (sp. gr., 3.3-4.7 : H., 5-7) also an 
oxide of manganese containing varying amounts of 
barium, potassium and sodium oxides and water, 
usually occurs, along with pyrolusite, in colloidal 
form : pseudocrystalline and crypto-cryst.'diine forms 
are also known. It is iron-black or steel-grey in 
colour. Karrby mixtures of psilomelaue and j)yrolu- 
siie with impurities, like iron oxide and water, arc 
known as Wad. 

Braunite (3Mn.,(),. MnSiO, ; sp. gr., 4.75-4.S2 : H., 
6-6.5) brownish black mineral occurring in line 
or coarse cry.stalline form. Next to psilomelaue, it 
is the mo.st abundant manganese ore in India. 

Man^afiite |Mn()(C)H) or Mn/).vH.^O : sp. gr., 
4.2 -4.4; H., 4] is dark grey to black in colour with 
reddish brown streaks and sub-metallic lustre. It 
occurs as orthorhombic crystals frecpicnily associated 
with barytes and calcite. 

Manganese ores occur as bedded sedimentary 
deposits, varying in age from the Archaean ores of 
India and South Africa to the exten.sive tertiary ores 
of the Soviet Union. The Soviet Union is the largest 
producer of manganese ore in the world, accounting 
for nearly 50';/. of the total out|)ut : India is the. 
.second largest producer. Other important producing 
countries are Ghana, South Africa and Brazil, 
'^logetber, these countries account for nearly So'V. of 
the world’s annual output. Table 1 gives the world 
production of manganese ores during 1955 .^9- 

The principal deposits found in India may be 
classified, according to their mode of occurrence and 
origin, into four main groups: (1) primary bedded 
or reef deposits of the gondite type enclosed within 
pre-Cambrian metaseclimeniary rock of Sausar .series 
and allied rocks in Balaghat, Bhanclara, Nagpur, 
Cbhindwara, Jhabua, Panch Mahals and Banswara 
districts of Madhya Pradesh, Maharastra and Rajas- 
than : (it) secondary supergene alieraticm products 
from primary bedded manganiferous rocks of the 
Koclurite type, enclosed within Khonclalitc series in 
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TABLK I -WORLD PRODUCTION OF MANGANESE ORES* 
(Qty in thoiiSt'ind metric tons) 



1955 

1956 

1957 

I9.SS 

19.s9t 

ll.S.S.U. 

4.745 

4,95S 

5.1 4S 

5.566 

n..!. 

Iiuii.'i 

1.609 

1,764 

I.6SI 

1,276 

1.187 

S( III 111 Africi 

5S9 

697 

715 

S47 

945 


54S 

646 

651 

521 

542 

Coii^o 

462 

529 

567 

551 

386 

Morocco (Soul hem) 

411 

422 

492 

410 

471 

Riini.'iuin 

590 

255 

265 

200 

n.:i. 

Cliiuaf 

2S0 

550 

540 

540 

n..'i. 

Bra/.il 

212 

511 

9IS 

695 

625 

Ksliiiialcd world 
production (in- 
ti tiding cstiniiitcs 
for cttiinlrics not 
listed) 

10.S74 

1 1 .760 

12.SI5 

11,865 

12.000 


* India II Minerals Yearbooks Indian Bureau uf Mines, 1959, 251. 
t Km i mated ; ii.a. — not available; +t exports. 


Visakhaparnam. Srikakulam, Ganjam, Korapiit, 
KalahaiuH and Patna regions of Andhra anil Orissa ; 
(///) secondary siipergenc enrichments and replace- 
ment de|)osits in shales, phyllites and schists, asso- 
ciated with banded iron formations and other rocks 
in Singh hhum-Bonai-Keonjhar areas of Bihar and 
Orissa, and in Shimoga, Chitaldnig, Tumkur, 
Bcllary and North Kanara districts of Mysore : and 
(h) lateritoid deposits and residual weathering pro- 
ducts derived from and associated with primary 
bedded and supergene deposits. The gondiiic deposits 
of Madhya Pradesh and Maharashtra are by far the 
most important accounting for more than 50V',, 
of the total Indian production : these are followed 
in order of importance by supergene oxide deposits 
of Orissa, Mysore and Andhra Pradesh. The gondites 
form conformable beds within the enclosing rocks 
having considerable lateral as well as downward 
extension, while the kodurite deposits form conform- 
able lenses, layers and irregular segregations of 
smaller size within highly weathered host rocks, the 
oxidation and enrichment being localized in areas of 
drag-folding. The su])ergenc enrichments and replace- 
ments and lateritoid cappings form tabular concor- 
dant lenses and discordant reefs of varying size and 
shape (Roy, in Symposium on Iron and Manganese 
Ores of India, Geological, Mining and Metallurgical 
Society of India, Calcutta, i960). 

The gondite deposits have been formed from 


manganese-bearing sediments as a result of regional 
movements and profound metamorphism. The kodu- 
rite deposits have possibly resulted from the invasion 
of manganiferous sediments into granitic rocks. The 
latcrite type of deposits are due to metasomatic re- 
placement of Dharwar rocks by underground water 
containing manganese solutions. The ores in the 
first two grouj)s of deposits have been, to some 
extent, altered by water and atmospheric agencies 
and rcconsiiruted at the surface and extend to some 
depth. The lateritic ores are confined to the surface, 
and extend to some depth only under the influence 
of surface water (IX'y, Rec. geo/. Surv. India, 1954, 
80, 474 ; Krishnan, Mem, geo/. Surv. India, 1951, 
80, 209). 

The total reserves of ores of all grades in India 
have been estimated at ino million tons, of which 
about 85 million tons are in Madhya Pradesh and 
Maharashtra. 

DisTKUurnoN IN India 

Andhra Pradesh — Deposits of manganese ore 
occur in the Srikakulam dist. along four main bells: 
(i) a southern belt comprising the tpiarries of Kodur 
(18° i6'3o":8o'^ 33'), Devada and Chinna Baniupalle, 
(n) a south-central belt covering the (juarries of (hir- 
l)hain (i 8''22'3()'' : f^3“27'3o"), Vedullavalasa, Ava- 
gudem, Chiptirtipalle (18® 19' : 83^34') and Perapi, 
(hV) a north-central bell including the (piarries of 
Aiteinvalasa, Gadabavalasa, Baiuva, Karlam and 
Nimmalavalasa, and [iv) a northern belt consisting 
of the (piarries of Gotnandi, Garuja and Joda. The 
deposits in Chi|)urupalle taluk are being exploited at 
Kodur, Garividi, Garbbam, Perapi, Avagudem and 
Aiternvalasa : the Garbham deposit is probably the 
largest in the country. In Salur taluk, manganese 
occurs near Timuruvalli, Andhraporain, Pachipenta, 
Ramabhadrapuram, Peddapadam, Ponam, Medangi, 
Mamidipalle and Kottavalasa ; the deposits usually 
carry low grade ore containing c. 36% Mn (Rao, in 
Symposium on Iron and Manganese Ores of India, 
i960: Hus.sain, ibid.). 

In Visakhapatnain dist., manganese ore is found 
at Gotivada ( 1 7^33' : 82^44') near Narsapatain ancl in 
Srungavarapukota taluk. Occurrences have also been 
reported from Ktirnool and Nellore districts (Laxmi- 
narayanarao, /. Min. Metals & Fuels, i960, 8(2), 20 : 
Rao, loc. cit. : Krishnan, Mem. geol. Surv. India, 19^1, 
80, 216]. 

Bihar -Deposits of manganese ore occur in Singh- 
bhum dist. in 3 regions : one extending from Gua 
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(22® 13'' 185^ 23") to Liintu and thence to Keonjhar in 
Orissa, another helween Jamcia and Noainundi 
(22^09' : 85° 29') and the third, between Chail)asa and 
Jamda. The ore has been cjuarried in some areas 
between Noamiindi and Oua, Kainarhatii, Nimdih 
and an area 6 miles south of Chaihasa. Deposits have 
been located in Leda Burn (22*^28' : 85'" 23') aiul Lanji 
(22^^49' : 85“35'). Occurrences have also been reported 
south of Cliaibasa close to Madkamharu, (htilpi, 
Kelandeh, Tutugiiiu, Surajhavsa and Bistampur. 
The deposits consist of psilomelane and pyrolu- 
site, usually associated with phyllitic and schistose 
rocks ; ore containing 30-44';.. Mn is generally 
obtained by hand picking |l^unn, Mr 7 n. geo/. Surv. 
Induty 1941, 78 , 174 : Rcc. geo/. Surv. hiduiy k)«^4, 

86(0. 113I. 

In Manhhum (list., low grade ore occurs near 
Paharpur. A few occurrences have also been noted in 
Mongliyr disl. 

Gitjarat — In Pancli Mahals and Baroda districts, 
jisilomelane, pyrolusiie and braunifc occur as tabular 
beds or reels near Shivrajpiir (22‘’25'3o'' : 73°4o'), 
ihuiiankua ( 22 ” 2 .V 3 (>'' • 73 ''.^ 9 ")- Talaori 22*^’ 28': 
73^4 1 ') and l\-ini (22^23' : 73^51') : the ores are asso- 
ciated with manganiferous phyllites, calcareous phyl- 
lites and limestones. The ore belt at Shivrajpiir con- 
sists of three parallel reefs, extending east -west for 
c. I mile from Bapotia (22”24'; 73'’38') and taking a 
northerly bend towards east of Shivrajpur for a dis- 
tance of 2 miles where it peters out. The reserves of 
the ore (Mn, 46%) have been estimated at 1.7 million 
tons. Manganese occurs in Bamankua area in a 40 ft. 
thick ore zone : the re.serves are estimated at 0.3 
million tons within a depth of 300 ft. 'Fhe ore /one at 
Pani extends for nearly 2 miles with a sharp S-heud 
tiear Pani mines railway station and carries within 
300 ft. depth a reserve of about 0.5 million tons. At 
Shivrajpur, Bamankua and Pani tlie ore reefs have 
been proved to a depth of 500 ft. and po.ssihly they 
extend further down. Manganese also occurs at 
Oandhra, Vav, Bhahar, Anas and Ambala as super- 
gene oxide deposits and at Jothwad, in a.ssociation 
with gonditic rocks (Mahajan. in Svniposiuni on Iron 
and Manganese Ores of India, 1(960). 

Smaller deposits of manganese ores have been 
reported also from Sabarkautha and Banaskantha 
districts. 

Aladhya Pradesh — In Chhindwara (list., (lc|)osits ot 
first and second grade manganese ore occur in 
Gowari-Wadhona, Kachhi-Dhana, Sitapur and 
Lodikhcra areas. Ore bands, 5-10 ft. thick, arc 


exposed along strikes which extend from a few 
hundred to 2,(x>o ft. in length. 

In Balaghat disr., extcn.sive deposits of manganese 
ore occur in a number of localities. In the eastern part 
of the (list., bedded ore occurs near the base of a thick 
seiics of j)hylliies and schists of the Chilpi Ghat 
.series. The bed runs MNK-W.SK over a distance of 
13 miles from Ukwa to Uskal river. I'hc (U*e consists 
mainly of (iue-grained braunite and p.silomelane ; 
some [lyrolusite. hausmannite, etc., are also found. 
The ore in the Ukwa area averages to 50”.. Mn. 
4';.. SiO. and ().o3"u P. Beyond Uskal river, towards the 
west, the ore hand reappears 8 miles further we.st on 
the Bharweli ridge, 2^2 miles north-east of Balaghat 
town ; the deposit contains on an average, 50'!., Mn. 
Less important dcjx^sits occur east of Ukwa and west 
of Baihar near Ghini. 

The deposits in the eastern region have been 
worked by open-cast methods uj) to a depth of 70 ft. 
in Langur and Jaganiola mines ; in Bharweli and 
Ukwa mines the ore is extracted by underground 
working, the deepest working being c. 6(X) ft. below 
the outcrop : the occurrence of ore has been proved 
up to a depth of 8(x) ft. in Bharweli. The reserves in 
the region have been estimated at c. 9.4 million tons 
(Sluikla (Sc Auaiidalwar, in Syniposiutn on Iron atid 
Mati^atiese Ores of India, 1(960). 

Manganese mint's of the north-central region of 
Balaghat disr. are located in Wara.seoni tehsil in a 
heir extending for over 4 miles from Ramrama to 
Neira and beyond. Of the 13 working tnines in the 
belt, those of Ramrama, Shodhan Hurki, (iulla 
lliirki and Netra are important. The reserves of all 
grades of the ore in the area have been estimated 
[It 2.75 million tons (Suhramanyam, in S\inposiuni 
0)1 Iron and Alaii^anese Ores of India, 1(960). 

In the south-west region of Balaghat (list., about 50 
deposits have been located within an area of 2(;o s(|. 
miles. The ])rincipal (lejx)sits are found at Tirodi, 
Sukri, Sitapathor, Jamra])ania, Pawnia and Ko.samha. 
The asse.ssed reserves in Tirodi and Sukri dejiosits 
ate 1.5 million tons: the inferred reserves are 
15 million tons. Stray oecurrences of manganese ore 
have ht'en reported between Katanghiri and Biid- 
biida in the area .south of Ramrama and between 
Kaianjheri and Mohgaon (Vemban (V Nagarajaiah, 
in Svniposiuni on Iron and Alaniranese Ores of 
India, 1(960). 

The deposits of Balaghat dist. account for 27-30% 
of the total Indian production (Narayanan & Subrah- 
manyan, 2). 
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In Niinar (Khargonc) disi., manganese* or* deposits 
occur near Biirwaha town. The deposits between 
Nandnia (22-15': and Agarwara (22'^’ 17': 

76^" 59') are now being worked. The manganese 
content of the ore varies between 20.1 and 54.7‘/o. A 
number of occurrences have also been recorded in the 
adjoining Dhar Forest area (Hoy Chowdhury. Bull. 

Suri.\ India, Scr. A., No. 10, 1955, 5 ?)* 

In jhabiia (list., manganese ores occur in associa- 
lioti with (juarizife and are usually of low grade. 'Fhe 
chief de|)osiis are in Thandla tehsil over an area 
6 miles long and 4 miles wide : the more important 
oc'currences are Kajilidongri (22°57' : 74”28'3o"), 
Kampura (2 2'^’57' : 74‘^^^25'), Mandli (22'’57'5()" : 74”24'), 
Tumdia (22"57'45" : 74^24'), Bandiwar (22^28' : 
74^27'), Kelkiia (22"'5(/: 74'’2{/), Amliamal 23"o': 
74 -5')* 74^ 25') and Talai (2 V’oi'3c>": 

74" 25'). The Kajilidongri deposit (Mn, 40.4-44.5' V,) is 
the most promising; the reserves within a depth of 
50 ft. are estimated at 83'7 .o(M) tons. Manganese ore is 
also mined from Tumdia, Bandiwar and Amliamal 
areas. The occurrences in other localities, except 
Mandli. are of jioor grade. In the northern part of 
Jhabua (list., ore de|>osits have been reported at 
Udwara (22'^’23': 74'’27'), Arandifalia (22"3(^": 74 '' 37 ")’ 
Ringol (22"37':74“i7'). Scjwiula (2/'37'; 74"2()'). 
Doiad (22''42': 74'’28'). Baoli (22'’ 48' : 74'’ 29'), Pitol 
(22^47': 74''28') and Nagankheri (Roy Chowdhury, 
loc. cit. : Venkatesh rt al., A Prclintinarx Rep. an the 
(h'ala^X and Manirane.se Ore deposits of the northern 
pari oj the Jhahna dist., Madhya Pradesh, (k*ol. Surv. 
India, i(;58). 

Manganese ore has also l)een found in Jabalpur, 
Bilaspur. Sidhi and Seoni districts. 

Maharashtra- In Nag|)ur (list., manganese ores of 
good (|ualitY occur as lenticular mas.ses at Kodegaon, 
(iumgoan and Ramdongri. 'Fhe deposits have been 
uorked up to a depth of 100-200 ft. Manganese is 
also found at Kandri, Mansar, Lohdotigri and Bel- 
dotigri. riie ore (Mn. 48-54",,) is usually won by 
underground mining in Kandri Mansar area which 
(allies reserve's of about 1.9 million tons. 

Manganese occurs in several localities in the area 
comprising Katchkuri. Jnnewani, Mendvi Bir, and 
J^hinadeo : and in Salai (dioti, Chorbaoli Mukna- 
pur, Manegaon Gurguldoh and Mandri-Bhandar- 
bodi areas. Occurrences have also been reported be- 
tween vSatak and Waregaon, a distance of c. 17 miles. 
The depo.sits at Nalgondi, Sitagondi, Pendri, War- 
pani, Hatikadan, Bhiwagarh, Ambajhari and 
Dhaidapur contain ores analysing to 36 40“:', Mn. 


Highly siliceous ores arc reported to occur at Kaotha, 
Kha])a, Richara, Maharkund, Padri, Pali and Par- 
.seoni (Hussain, in Symposium on Iron and Manga- 
nese Ores of India, icjbo ; Rao Si Singh, ihid.). 

In Bhandra (list., extensive deposits arc found in 
Dongri Biizurg, Kunkurma, Chikla and Sitasaongi 
areas. The Dongri Bu/urg deposit, located on a small 
hill, is worked for .secondary oxide and peroxide ores 
(Mn. 50*’..) : the proved re.serves in the area are esti- 
mated at 4.5 million tons. The C’hikla area is rich in 
manganese ores and the reserves of the ore (Mn, 
40-50';,,) in the more important deposits amount to 
4.9 million tons. Less important are the occurrences 
at Karli, Lamankurki, Alesur and Phutara. Sizeable 
ore deposits also occur at Kurmura, Asolpani, Nawe- 
gaon and a few other places (Hussain, loc. (it. ; 
Narayanaswami Si Venkatesh, in Symposium on Iron 
afid Man^anes(‘ Ores of India, h/h) : East. Mel. Rev., 
^ 4 ,V-)- 

In Ratiiagiri (list., manganese ore occurs as veins in 
laierite at Rairi l^)int ( 15'^’ 45' : 73^ 43') : minor deposits 
are found in the former Sawantwadi state at l'’ondiye, 
Fakirpata and a few other places (Roy. 1(951. 99). 

In Satara (list., low grade ores occur in the vicinity 
of Savitri |)ass. Mahabaleshwar, Lingmala and 
.several other [tlaces |Roy, Rec. treol. Surv. India, i9‘;4, 
85 ( 1 ), 74|. 

In (ioa, manganese ore, often associated with ochre 
and iron, occurs in Sanguem, Quepem and Bicholim 
districts. Fhe more important de])osits (Mn, 32.6 
46.2'’,.) are found in the Villieiia area in Sanguem 
(list. : the ore is mined also at Maulinguem. /una, 
Kumari. Cairdi. Naiurlim, Vichondrem, Rivona, 
Canpeni. Colomha, C'iosti, |ac(|ui and Tudou (l)hepe, 
]. Univ. Poona, i(;53. No. 4, 27). 

Mysore- \n Bellary (list., shallow deposits of 
lateritoid ore ot'ciir in Sandur taluk as narrow lenses 
over a distance of 20 miles, from Ramandrug in 
north-west to Kammadhevuru in .south-east. The 
Ramandrug deposits have been exploili'd to exhau.s- 
tioii : only low grade ores are left in old workings. 
Mining is carried out in Kammadheviiru-Kanave- 
halli iTgion, where the ores extend down to 30 ft. 
depth : the manganese content of the ore averages to 
32-35"., though local concentrations of high grade 
material (Mn, 50-52%) are not uncommon. The 
re.serves in tlie region have been estimated at 0.8 
million tons. Other deposits of importance are 
located at Kallahally, Ankammanhal, Yarcnhalli, 
Deogiri, Aligilavada, Tonashigri and Tumraguddi 
reserved forests, and Teligi hill. The total re.serves in 
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flic (list riel have liecn cstiiiiatcd at 4 million tons, of 
which 3 million tons may he of low grade (Mn, 3(^"., 
and below) | Krishnamurty, in Synilwsinni on Iron 
and Mfin^ancsc Ores of India, : Annu. Ref). 
Mysore geo/. Oep., 1955-56, 42 : Krishnan, Mem. 
geo/. Surv. India, i(;5i, 80, 216; Fradhan Dewan, 
Indian Min. /., 1957, 5 (spec. issue), 67]. 

In Shimoga, C^hifaldrug and Tumkiir disrricis, the 
ore dejiosits are distributed in eight main areas: 
Shankargudda, Kumsi, Shikarpur, Channagiri and 
Shiddarhalli group in Shimoga disl. ; and 
C'hiknayakkanhalli, Karekarichi and Kondli group in 
Tumkur and Chilaldrug districts. The ore occurs as 
enrichments in phyllites, schists and (juartzites and 
forms conformable lenses, layers and irregular segre- 
gations which extend to a maximum length of 
1,000 ft. The ore analyses to 35-45".. Mn and is low 
in phosphorus. The localities in which sizeable 
deposits occur are: Chitaldrug (list. -Nellikatte, 
Bheemasamudra, Sadarhalli, Mahadevapura, Garga, 


Dodkittadhalli, I lirekaiidavadi. Kudurekanivekaval, 
and Kenkere : Shimoga (list. Kumsi, Joldhal. Hosur, 
Tharlaghatla and 1 lanigeri : and 'rumkur dist. — 
llonnehagi, Bullenahalli. Gollarhalli, Janehar, Yare- 
katte. Kandikere, Kondli, I lomhalghatta, llatyal, 
Doregudda. Hoshalli. Shivasandra, Mavinhalli, 
Sondenhalli and Ilarenhalli. The reserves in these 
areas are estimated at 1-2 million tons. Shitnoga ore 
is used liy the Mxsore Iron & Steel IVorks, Bhadra- 
vati for the manufacture of ferro-manganese 
I Karunakaran, in SxtJiposinni on Iron and Manga- 
nese Ores of Itidia, i(^6o : Rec. M\sore geo/. Oef)., 
.956, 52 ( 1 ), 6. : Attnu. Rep. M\sore geo/. Dep., 
• 9.^5 4 ^ 1 - ^ 

In North Kanara and Belgaum districts, low grade 
mangane.se ore occurs in 5 belts covering an area of 
230 s(|. miles in Supapeta and Khanapur taluks : the 
major deposits are in the Supa|)eta region. The ore 
bodies are conlined to phyllites and (juartzites and 
lateritic cappings associated with Dharwar rocks. Of 



FIG. 8«- MANGANESE ORE MINE, GUMGAON 


257 


33 


MANGANESE ORES 


the 5 bclt'i, one passes through Kiindal -Zalwali and 
another through Terali and Diggi : the major 
portions of the two belts appear to lie in Goa terri- 
tory. The third belt emerges from near Amholi 
village and runs in the north-west direction to Amheli 
Potc, then west north-west to Sulavali and linally to 
Goa. The fourth belt emerges in the Gund range in 
the southern extremity of Supaj)eta, disappears for 
some distance, and reappears in the form of sharp 
exposures up to Vilva and then runs north-west to tlie 
north of Castle Roek ; subsidiary olf-shoots ol this 
belt appear in some localities. The last belt outcrops 
in the Nagargalli and Kundedgaon hills, runs 
for 2-3 miles in the north-west direction and appears 
in Mendil, Degaon, Gowli, Jamgaon aiul Rhimgad 
areas. The ores are usually rich in iron and contain 
also silica and phosphorus in low concentration. The 
total re.serves in the 5 belts have been estitnated at 
to million tons, of which nearly 50“.. is of exploitable 
grade (Sahasrahudhe, in Sxnilyasiitni on Iroti and 
Manganese Ores of India, i960 ; Kapadia cl al., licly. 
Bcnclieiation of Iahc Oradc Ores, Govt, of India, 
iy57. iS). 

Minor deposits have been rept)rted from Hijapur, 
Dharwar and C'hikmagalur districts. 

Or /.v.sY/ Deposits of manganese ore, about i,<k)o ft. 
long and up to 20 ft. thick, occur mainly in the 
Jamda-Koira valley in Keonjhar and Sundargarh 
districts of Oris.sa, extending to Singhhhutn dist. in 
Bihar. 'J'hey generally contain lateritic and cavernous 
ores : the principal manganese minerals present are 
psilomelane, cryptomelane and pyrolusite. The grade 
of ore varies widely even within individual deposits 
and only ^o"*, of the deposits contain more than 40",, 
Mn ; a few contain dioxide ore (97% MnO.) of 
chemical and battery grade. The more im|M)rtant 
occurrences are: Keonjhar dist. — Nalda, Jamda, 
Belkundi. Barahil, Bhadrasai (23^^04' : 85*^24'), Bonoi- 
kora, Kalimali. Dhtihua (2i°5i':85°24'), Jampani 
(2i"52': 85''23'3 o"), [oda, Roida (22"oi': 8^23'), 
Bainehari (2 C’ 54' : 85” 25'), Siljora and Thakurani 
(23'’o3'3o" : 85^^27' 15") : Sundargarh dist. (Bonai sulv 
division) — Malda (2C’56':85"2o'), Koira Range 
(2 1 ""54' : 85'' 15'), ( )rahuri, Kusumdih, Patmunda 

(2 1 ‘^52': 85'' h/) . and Bhufura (2i''47':85”o9'). The 
probable reserves in the Keonjhar-Bonai area and 
adjoining parts of Singhhhiim dist. are 20 million 
tons. In Gangptir suh-division of Sundargarh dist., 
fairly rich tleposits are fotind in certain areas : those 
near Dandjamira and Nakti (22"‘7':84° 13') and in 
Ghoriajor-Manomunda area are being exploited 


(Rao & Murry, in Synilmsinni on Iron and Manga- 
nese Ores of India, i960 ; Nandy, Tiseo, 1955, 2 , 
80: Spencer, Trans, min. geol. Inst. India, 1948, 
44 , 61 ; Khcdker, 153 ; Dcy. Rcc. gcol, Siirv. Indio, 
1954, 80 , 479 : Krishnan, Mem. gcol. Surv. India, 
*937. 71 , 130). 

In Koraptit and Kalahandi districts, manganese ore 
deposits occur in deeply weathered rocks of the 
Khondalite scries ; they are composed chielly of pyro- 
lusite, |)silomelane and wad with sid)ordinate l)rau- 
nite. The ore is ferruginous and of low grade. Deposits 
are found at Kiitingi (i9"o5' : 83“ to'), Nishkhal 
(19" 13' : 83" 13'), Kashipiir, Podakona, Liligiimma, 
Pullabadi and Taldoshi. In the Kutingi area, patchy 
deposits occur along a narrow belt nearly ij/i miles 
long ; of the total estimated reserves of 0.4 million 
tons in the area, at least half is of good (|uality, avera- 
ging c. 50",, Mn. The deposits near Nishkhal are like- 
ly to yield at least 0.25 million tons of ore and the 
reserves in Kashi[)ur area are estimated at o.i million 
tons. Proved reserves in Kora|)ut and Kalahandi areas 
are estimated at i million tons |(iokulani, in Synifyo- 
sium on Iron and Manganese Ores of India, i960 : 
Kionomic Geology of Orissa. 91 ; Murty, Ree. geol. 
Snrv. India, 1954, 85 (i), 75; C'oggin Brown tV Dey, 
213; Kngineer, Indian Const r. Nezes, 1959, 8(8). 
107 1. 

In the former Patna state, ferruginous manganese 
ore is found in several localities within a /one e. 15 
miles long. The more impt)rtant occurrences are 
Bhaludungri (20^46' : 83^2 1 '), Gadshankar (29”47' : 
83*^22'), Satparliadungri (2o''5o': 83“ 20'), Kapilbahal 
(20'' 46' : 83° 19'), Kumia|)ali (2o“46' : 83° 16') and 
Kaniamanga (2o"48': 83" 14'). The reserves up to 
50 (t. depth are estimated at 630,000 tons (Krishna- 
swaini, in Synifyosinni on Iron and Mangafiesc Ores 
of India, i960). 

In Cuttack and Gaiijam districts and in the former 
Rairakhol and Batura states, several (ucurrences of 
manganese have been reported. I.ow grade ferrugi- 
notis ores (Mn, av. 25.43'!,,) have been recorded near 
Kandhal (2i"o3' : 84® io') in Rairakhol state, the 
reserves iKnng estimated at 6o,(k)o tons up to a depth 
of 50 ft. 

Rajasthan — In Banswara (list., manganese ores 
occur in Sivania (23‘^i9'3o":74°i6'), Kalakhitnta, 
Sagwa, Ghatia, Itala, Tambesara (23° 15': 74^21'), 
Khedia, Pukhera, Loharia and a few other areas. The 
reserves at Tambesara are estimated at 0.5 million 
tons. The ores of Banswara dist. are rather high in 
silica and contain 31.7(^-57.00% Mn. The reserves in 
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the disTrict have been assessed at 2.1 million tons 
(Kapadia cl al.. Rep, Brncliciatioii of I,o:c Grade 
Ores, Govi. oi* India, 1957, 25). 

In Udaipur dist., low grade manganese ores occur 
in association with cpiart/ites near I«ikawas (24'' 33': 

Kanpur (24‘’34': 73“4(y), Dchari (24® 36': 
73''5o'), Panda (24''32' : 73''47'), Naihdwara (24'" 56': 
73°5i') and Titri. A zone of manganifercuis phyllitcs 
and cjuarizites, c. 1 mile long and 33 100 ycl. broad, 
has been reported west of I^akawas. A deposit in 
north of Kanpur is being worked. Dchari and Nath- 
dwara areas cIo not appear promising ; further j)ros- 
pecring has been recomineiided in the area near 
Panda, where the nianganiferoiis zone a|)pears to ])e 
at least 100 ft. wide (Roy. Mew. geo/. Surv. India, 
195c;, 86 , 233 : Sethi. 39). 

In |odh|)ur division, occurrences of low grade 
manganese ore have been recorded near Rar (26"’o5' : 
74”o9') and flari{)ur (26*^01' : 74"o5'). Occ urrences 
have also been rcTorded in Ajmer, Alwar, Rharatpur, 
Rundi, Dholpur and Jaipur regions. 

IFe.s'/ Bengal In Midnapur (list., deposits conlaiiv 
ing pyrolusiie, cryptomelane and manganiie, in 
association with iron ores, occur near Thakiirani- 
pahari in an area of 4 sep miles in extent : the ore 
contains c. 45'V, Mn (Chakrahorty, in Syniposinni on 
Iron and Manganese Ores of India, i(;6o). 

Minixc; 

Manganese ore is raised mainly by open cast 
methods. The deposits are (|tiarrie(l usually by 
manual labour : only a few mines employ power 
shovels, euclids and churn drills. Two types of depo- 
sits are mined, those containing lloat ore (formed 
from ore lumps dislodged from the parent mass by 
a process of disintc'gration) and bedded ores. Mining 
of float ore involves digging, hand screening and 
hand jigging sized material to remove light gangue. 
The ore is not crushed and jig concentrates are tiot 
always of the rec|uired (|iiality. Redded deposits are 
exploded by blasting : mined ore is crushed to suit- 
able size and the coarse fraction handpicked. Only 
those deposits, which yield a market al)le grade oi 
concentrate, are being exploited at present. Of 
5,^^ manganese mines at present in opera- 
tion, underground mining is resorted to only at 
Bharweli, Ikwa and Gowari-Wadhona in Madhya 
Pradesh, Mansar and Chikla in Maharashtra, and 
Shivrajpur in Gujarat | Narayanan, Indian Min. /., 
*957» 5 (sj)ec. issue), 24 : Indian Minerals Yearbook, 
Indian Rurc'au of Mines, tc;5(;, 218]. 


Renkfic.iation and Gradinc; 

At the present rate of mining, the known depo.sits 
of high grade manganese ore in India are estimated 
to last only 30 years. The re.serves of low grade ores 
are extensive : and suitable metliods are being in- 
creasingly adopted for beiieficiating them in order 
to conserve the high grade material. 

Clay and line dust adhering to ore lumps, are 
removed hy uasliitig in trough washers, log washers, 
wash tromtnels. etc. Mechanical washers are in use 
at Tirodi and Rata Jamda mine : tumblers are em- 
ployed by some mines in North Kanara (Mysore) for 
removing laterite coating. 

Hand sorting is widely adopted for improving the 
grade of ore. Hand jiggittg is employed iti some areas 
for upgraditig float ore and rejects. |oplin jigs are 
mostly used for this purpose : mcxhanically o|)crated 
jigs are used at Shivrajpur (Gujarat) (Narayanan & 
Suluahmanyan, 28 : Kapadia et ai. Rep. Beneficia- 
lion of Loze Grade Ores, Govt, of India, 1957, 34 
Shukla el a!.. Rep. Mineral Benefieialion Comm., 
Govt, of India, ic;59. 29). 

A heavy media separation plant is in operation at 
Dongri Ruzurg, near Nagpur, for beiieficiating low 
grade ores. Another plant will be shortly set up at 
(iarividi in Srikaktilam dist. (Andlira Pradesh). The 
ore is crushed in primary jaw crushers, screened and 
fed into a Wemco drum containing a suspension of 
fcrrosilicon and water (density, 3.1 g./rnl.). The sink 
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and float pnKliicts are passed over separate screens 
to recover the ferrosilicon medium. The sink consists 
of good grade ore* along with waste rock and small 
(|uanrities of low grade ore ; waste rock is removed 
hy hand picking. Low grade lumps are conveyed lo a 
secondary crusher to liberate the ganguc and fed 
along with fresh feed to the drum. The float is 
rejected. The heneficiated material contains 50-51% 
Mn I Narayanan & Subrahmanyan, 26-27 ; Kapadia 
c/ al.y loc. cir. : Sinha, Indian Min. /.. 195S, 6(6), 21]. 

Manganese minerals commonly found in India 
are feel)ly magnetic and are amenable to separation 
from (|uart/, amphil)oles, pyroxenes, barite, calcite, 
apatite, etc. hy employing high intensity magnetic 
fields (Narayanan & Su])rahmanyan, 29). 

Various hydrometallurgical processes for hene- 
ficiating low grade ores arc known. The manganese 
in the ore is brought into solution i^y treatment with 
sulphur dioxide, ferrous sulphate, acids or caustic- 
soda and soluble impurities separated from the leach 
licpior hy selective precipitation by the addition of 
suitable chemical reagents. The filtered manganese 
solution is concentrated and decomposed to give the 
oxide. A preliminary reduction roast facilitates solu- 
bilization of manganese. A process involving solubili- 
zation of manganese hy passing sulphur dioxide 
under pressure, followed hy high temperature auto- 
claving and sintering, has been developed in U.S.A. 
for hencliciating poor grade material containing as 
low as 20% Mn. Another process developed in 
Canada, is suitable for treating low-grade pyrolusitc 
ores containing 5% Mn or even less ; manganese sul- 
phate (MnSOpH^O) is obtained by thermal precipita- 
tion from the leach li(|uors. The National Metallur- 
gical Laboratory, Jamshedpur, has developed a pro- 
cess for obtaining manganese dioxide of high purity 
from low grade ores ; the ore is reduced and leached 
with commercial sulphuric acid : and manganese 
dioxide is obtained by electrolysis | Narayanan & 
Subrahmanyan, 22 : Sully, 88 ; Kar, East. Met. Rev., 
1955- 56, 8, 494, 518 : J. sci. industr. Res., 1954, 13A, 
395 • ('liem. Eugng News, njsT* 35 ( 29 ). 7^^ J ^ 
hid., 1959, 276 ]. 

Pyrometallurgical processes have been developed 
for the recovery of manganese from low grade ores 
and slags. They are particularly useful for producing 
enrichcfl manganese slag low in phosphorus and 
iron, and suitable for the production of standard 
ferromanganese. A thermal process for the treatment 
of low grade ferruginous ores has been evolved at the 
National Metallurgical Laboratory, Jamshedpur. 


Pilot plant trials with Sandur ores have yielded en- 
couraging results [Nijhawan, Indian Min. J., 1957, 
S (spec, issue), 140: Narayanan & Subrahmanyan, 22: 
Lalkaka, Trans. Indian Inst. Metals, 1959, 12, 235 : 
Anna. Rep. Nat. Metallurgical Lah., Jamshedpur, 
1960-61, 1 10, II i]. 

Grading — Manganese ores exhibit wide variability 
in their manganese and iron contents. The bulk of 
the mined ores are used for metallurgical purposes. 
Ores, containing more than 35 ‘X. Mn are suitable for 
the manufacture of ferromanganese alloys (Mn. 
72-82%). Ferruginous ores contain 10-35% Mn and 
arc used in the manufacture of spiegcleisen (Mn, 
18-22%). Manganiferous iron ores, containing 5-10% 
manganese, arc employed for the production of pig 
iron (Sully, 4). 

The ores are classed on the basis of manganese 
content into 3 grades: the first contains 48% or more 
of Mn and the second grade, 45-48% Mn : ores con- 
taining 30 -45% Mn belong to the third grade ; and 
those analysing to less than 30 'X. Mn and low in iron 
are not marketable. The character of the ore deter- 
mines the pur|)ose for which it is to he used. Ore 
rc(|uircd for chemical industries should contain a 
high percentage of manganese dioxide : it may 
contain appreciable (juantities of phosphorus and 
silica, hut should he low in iron and lime. Ores high 
in lime and low in oxygen, phosphorus, silica and 
alumina arc used for metallurgical pur|)oscs and 
classed as metallurgical or furnace ore. Ore deposits 
which are now exploited in Maharashtra and 
Madhya Pradesh yield first grade ore : second and 
third grade ores are largely mined in Singhbhum 
(Bihar), Keonjhar (Orissa) and Mysore. Analyses of 
some Indian ores arc given in Table 2. 

Specifications and grades for ores used in indus- 
tries are given in Table 3. The Mineral Bcneficiation 
Committee of the Government of India has specified 
that manganese ore used in the manufacture of 
standard grade ferromanganese should contain : Mn, 
<48: Fe, >7: SiO, + AlA. >12: P, >0.15: Zn, 
J>i%: copper, barium and lead, in traces; and 
manganese: iron ratio, 7 and above | Engineer, 
Indian Constr. News, 1959, 8(8), 106 ; Shukla et al., 
Rep. Mineral Beneficiation Comm., Govt, of India, 
'959. 28 1. 

The largest producer of manganese ore in India, 
the Central Provinces Manganese Ore Company, 
markets two grades of metallurgical ore. Oriental 
Mixture and Bawantheri Mixture. The two grades 
are mixed before despatch to consumers. The ana- 
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TABLE 2-ANALYSES (%) OF INDIAN MANGANESE ORES* 


Madhya Pradesh 

Mn 

Ke 

s:(), 

P 

MnO, 

Bainghnt mine* ore 

51.0 

7.0 

6.5 

O.IO 

55.0 

Boulfler ore 

4S.5 

H.O 

5.5 

0.06 

45.0 

Maharashtra 






Hh.indara mine env 

.S0.5 

7.5 

8.0 

0.16 

28.0 

Boulder ore 

49.5 

7.5 

7.0 

0.08 

54.0 

Oongri, run of mine 
ore 

51.25 

6.5 

5.5 

0.275 

75.0 

do. low ferrugi* 
nous peroxide 
ore 

59.(1 

1.0 

(max.) 

1.0 

(max.) 

0.29 

90.0 

do. st.'indard j)er- 
oxide ore 

5S.5 

2.75 

(max.) 

2.0 

(max.) 

0.52 

88.5 

Gujarat 






Sliivrajpur, first 

Rradc 

4H 50 

4 5 

6 8 

0.25 0.26 


do. second graile 

46 47 

5 7 

9 11 

0.24 0.28 


do. third grade 

4.1 44 

6 « 

12 14 

0.24 0.27 


Orissa 






Keonjhar, first gra<le 

49.0 

S.-6 

4.40 

0.1. 15 


do. second grade 

45.8 

8 . 1 s 

5.25 

0.165 

. 

do. third grade 

•10.0 

1.1.80 

5.70 

0.047 


Manganese dioxide 
ore, first grade 


0.16 

0.40 


91 .96 

do. second grade 


0.91 

0.95 


88.0 

Mysore 






Sandur, low-grade 
ore 

40.2 

16.40 

1.0 2.0 

0.02 

56.5 


* Coggin Brown & Dcy, 214. 


lyrical values of the two mixture are as follows: 
Oriental mixture — Mu, 51.0: P, 0.106: SiOo, 7.0; 
and Fc, 7.0% : Razvanthcri mixture Mn, 47-48 : P, 
0.15 ; Si().j, 7.5 : and Fc, 9'X,. The former is suitable 
for direct use in ferromanganese manufacture : the 
phosphorus content is guaranteed to he less than 
0.12% (Dey, Rcc. geo/. Surv. India, 1954, 80 , 465). 

Uses 

Manganese ore is largely used for metallurgical 
purposes, particularly in the iron and steel industry. 
Approximately 1.3 tons of ore are required for the 
production of too tons of pig iron. 

Manganese is usually added in the form of ferro- 
alloy to produce steel and the most important alloy 
employed for this jiurpose is standard ferromanga- 


nese (Mn, 78-82%) ; spiegeleisen (Mn, 18-22%) and 
manganiferoLis pig iron (Mn, 4-10%) are used in 
much smaller quantities. Manganese acts as deoxi- 
dizer and desulphurizcr and ensures the production 
of relatively clean ingots free from blow holes. 
Approximately 2 tons of high grade manganese ore 
are reciuired to produce i ton of standard ferro- 
manganese. Special tough steels, resistant to abrasion 
and distortion, contain 11-15% Mn. Manganese is 
also used in the production of non-ferrous alloys, 
like manganese bronze, iiichrome, luoiiel metal, 
german silver, maiiganin, duralumin, invar, etc. 
I Sully, 7 ; Kngineer, Indian Const r. Nezvs, 1959, 
8(8), io6|. 

Higli grade pyrolusite, rich in manganese dioxide 
is used as a dejiolarizer in dry battery manufacture. 
In the absence of natural ore of suitable grade, 
manganese dioxide is prepared by chemical or 
elect roly tic processes. 

Pyrolusite of good <|uality (MnO^, >85%) is used 
as a decolourizer in glass manufacture : it is added to 
the hatch in small quantities (5-30 Ih./ton of glass 
sand) : when used in excessive (juantities it imparts 
a [)ale amethyst to nearly black tint. In the ceramic 
industry, pyrolusite is used widely in glazes and 
enamels : it is used as a colouring agent in grey 
speckled and black bricks, and in brown pottery and 
tiles. Manganese dioxide is also an ingredient of 
match head compositions (Khedker, 158 : hidian 
Miner., 1958, 12 , 236). 

High grade pyrolusite is used as a starting material 
in the manufacture of manganese salts. Manganates 
and permanganates find use as disinfectants and 
oxidizing agents in chemical processes : they are em- 
ployed in the purification of zinc solutions in litho- 
pone manufacture. Manganese metal is obtained by 
the electrolysis of manganese sulphate or chloride. 
Manganese sulphate is used also in the manufacture 
of hydro(|uinone. In the U.S.A., farmers add manga- 
nese sulphate to calcareous soils and soils con- 
taining high concentrations of organic matter to 
improve the yields of tomatoes, potatoes, beans and 
maize. 

Oxides of manganese, and particularly organic 
manganese compounds, e.g. naphthenate, linoleate, 
and oxalate, are used as driers for vegetable oils in 
the paints and varnish industry. Manganous oxide 
(manganese green), manganese metaphosphate 
(manganese violet) and barium manganate are used 
as pigments. Manganese jihosphate is used in protet - 
tive coatings for steel. 
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TABLE ^--SPECIFICATIONS OF 

Use Origin of ore 

l-cclanche cells & batteries and also Dongri lUi/Airg 
cerlain chemicals ik pigments* (Maharashtra) 


Keonjhar & lV)nai 
(Orissa) 


Ferromanganese, manganese alloys, Dongri Hu/iirg 

manganese metal, etc. and such (Maharashtra) 
chemicals as do not require the 
use of ore of high MnO, content* 


Orissa ^ 
Singhhhum 


Sandhill* 


Oiijarat 


(flassf 


Chemical industry t 


• IS: 372 and 373 (1952). 
t Johnstone, 320. 

I U.S National Stockpi'e Specification P 81 (1950). 
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FOR VARIOUS USES 

Orade 

Specifications 

Cow ferruginous 

MnO., 88 89; SiO., (max.), 1.5; Fe (max.), 
I.0',Y, 

Standard peroxide 

Mn0.j, 85 86 ; SiO., (max.), 3.0; Fe (max.), 
3.0% 

Peroxide smalls 

MnO^ (min.), 84; SiO., (max.), 3.0; Fc (max.), 

First 

MnO, (min.), 90; SiO,, 0.7 1.0; Fe, 0.30-0.75% 

Second 

MnO, (min.), 88; SiO.., 0.7 1.0; Fe, 0.75 1.00% 

rhird 

MnO,. (min.), 87; SiO.. (max.), 1.0; Fe (max.), 
1.0% 

Fourth 

MnO, (min.), 84 ; Fe (max.), 2.5“,', 

Run of mine 

Mil (min.), 51; Fe (max.), 6.5; SiO. (max.), 
5.0; P (max), 0..V.. 

First 

Mil (min.), 48; Fc (max.), 7.5; SiO^ (max.), 
9.0; P (max.), 0.I5'\, 

Second 

Mn, 45 48; Fe (max.), 9.0; SiO,. (max.), 11.0; 
P. 0.15 (U0“„ 

First 

Mn (min.), 48; Fe, 4 8; SiO., 3 8; P, 0.15- 
0.20‘V, 

Seconil 

Mn, 45 48; Fe, 8 12; SKT., 5 8; P, 0.15 0.20% 

Third 

Mn, .'8 *10; Fe, 11 19; SiO., 5 13 ; P, 0 15 
0.20“;, 

Fourth 

Mn, .^0 .C5 ; Fe, 19 -.rs-,, 


Mn, .15 42; Fe (max.), 16; SiO., (max.), 2; P, 
0.02 0.05“., 

First 

Mn (min.), 48; Fe (max.), 5; SiO.. (max.), 6; 
P (max.), 0.24'V, 

Second 

Mn. 46 48; Fe, 5 6; Si(%. 6 10; P, 0.24 0.26';{, 

'rhird 

Mn. <46; Fe, 6 7; SiO.., 10 11 ; P, 0.25 0.27% 

Onlinary 

MnO^., 85 90; Fe,0.,, <0.75% 

High fpi.ility 

MnO, ,>90 ; Fe.,0„ <0.5% 

Type A: oxidizing 
agent 

MnO.„ 80 ; Fc (max.), 37 ;, 

Type B: manufac- 
ture of KMnO, 
and other per- 
manganate 
chemicals 

MnO., (min.), 85 ; Fe (max.), 3 ; SIO., (max.), 
3; Al.,0, (max.), 3; P (max.), ().|0; ,As 

(max.), 0.05“, 
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pKODlJirriON AND Tkadk 

India is the second largest manganese ore pro- 
ducing country in the world, the first being Russia. 
During the years 1955-59, the average annual world 
production of manganese ore was 11.86 million 
metric tons of which India’s share was c. 13% 
( fable i). In the early decades of the century, India’s 
production exceeded that of the Soviet Union. 
Table 4 gives ihe production of manganese ore in 
India since 1949. fable 5 gives the State-wise distri- 
bution of production during recent years, ^fahle 6 
gives the production in 1959 according to grades. 
Consinnplion —The hulk of the ore produced in 


TABLE 4— PRODUCTION OF MANGANESE ORES IN INDIA 
(Qty ill ihousancl mciric tons and val. in million Ks.) 


Year 

Qty 

Val. 

1949 53 (a\.) 

1,257 

76 

1954 

1,436 

113 

1955 

1,609 

108 

1956 

1,764 

130 

1957 

l,6«l 

141 

195S 

1,276 

116 

1959 

1,178 

92 

1960t 

1.182 

82 


India is exported ; 

only a 

small quantity (c. 15%) is t Provisicmal. 







TABLE 5-STATE-WISE PRODUCTION OF MANGANESE ORES* 






(Qty in melri<* tons and val. in thousand Us.) 






1958 1959 



1960t 



Qty 

Val. Qty 

Val. 

Qty 


Val.' 

(fiijarat 1 


69,288 

5,4.S6 

77,008 


5,366 

[ 

324,698 

44.019 





Maharashtra j 


188,927 

24,140 

185,826 


22,826 

Madhya Pradesh 

300,037 

36,646 226,427 

27,340 

218,265 


23,627 

Mysore 

253,890 

1 2,532 248,634 

11,412 

293.474 


11.101 

Orissa 

.358,667 

21,270 395.657 

22,031 

342,896 


17,192 

lb bar 

22,275 

496 27.438 

741 

18,729 


641 

Other Stales 

16,528 

.S6.S 2 1 ,584 

495 

45,922 


I,0.i6 

lotal 

1,276,095 

ll.\528 1,177,955 

91,615 

1,182,120 


81,789 

• Indian Minerals 

I'arbtmk, 1 

Indian Ihireaii of Mines, 1959, 221 ; Proiisional Lslimates of Mineral 

Prodnvlion 

in India t 

Indian 


Uurcaii of Mines, l%0, SO; f I’roxisional. 


TABLE 6- -PROVISIONAL GRADE-WISE PRODUCTION OF MANGANESE ORE IN 1959* 
(Qiy in metric tons) 


.Siaif/ Oracle 

MnO. 

Abo\e 48*' 

Mil 

44 48'*, 
Mn 

Andhra Pradesh 




Uihar 



583 

(hijarat & 
Maharashtra 

4,932 

89.899 

102,248 

Madhya Pradesh 


1.0,341 

79,806 

Mysore 


2,754 

18,084 

Orissa 

Uajasthan 

West Uengal 

1,265 

12,.U1 

92,988 

Total 

6,197 

238,325 

293,709 

Percentage of total 
production 

0.5 

20.1 

24.7 


* Indian Minerals Yearbook^ Indian Uureaii ol Mines, 1950, 222. 
fThe totals for several States have been subsequently revisL-d (lal 
available the provisional figures liave been given. 


42-44';; 

Mn 

.18 42*'^ 

Mn 

Others 

'Potalf 

670 

194 

11,014 

11,878 

1,560 

.1,147 

22,148 

27,438 

.S9.918 

1,218 


2.S8,215 

13,146 

6,957 

14, .167 

247.617 

52.823 

118,437 

48.8.16 

240,934 

65.893 

94,820 

1 28,.160 

395,657 

896 

4.019 

199 

5,114 



580 

580 

I94,90o 

228,792 

22.S,504 

1,187,433 

16.4 

19.0 

19.3 

100 

5), but a 

s revi.sed gradc-wi.se 

production figures 

ire not yet 
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ronsumcd within tlu* country* The iron and steel 
industry and the ferromanganese industry arc the 
main consumers of the ore in India (Table 7). The 
total annual consumption of the ore in non-metallur- 
gical industries has been estimated at 4,000 tons 
(Madan, 104 : Narayanan (S: Sulu-ahmanyan, 14). 

Exparts India exports 40 -45';,. of its annual pro- 
duction of manganese ore to U.S.A. ('Fable 8) ; 
smaller (juantities are supplied to U.K. and Japan. 
Tal)le 9 gives the exports, classified according to 
grades, in 1960-61. The Government of India 
liave set up an export promotion council to devise 
measures for improving the exports : export duty on 
manganese ore has been abolished from November 
1958 and rebate on railway freight is being granted 
from September 1959 for transporting medium and 
low-grade ores from stations situated over 200 miles 
from |)orts of ex})ort. The royalty rates have also been 
cut from to of sale price at ])it's mouth 

in the case of high grade ore and from to';., to 5% in 
the case of low grade material. The export of ore is 

rAni E 7-CONSlJMPTION OF MANGANRSI* ORF BY STFFI. 
COMPANIRS AND PRODUCTION OF FFRROMANGANRSF IN INDIA' 
((,)fy in ions) 


^’ear 

(lonsninplion h\ 
steel eoinpanies 
(.)lv 

ProdiKiion of 
ferroinanp;anese 
Qty 

1949 54 (av.) 

77,945 

14,459 

1954 

II4,2S7 

46.725 

1 955 

4:,tH 1 

6,651 

1950 

S9,5S5 

24.268 

I957t 

42.995 

4,640 

l95St 

91. (MHI 

44,984 

1 '>5a 1 

24n.lM)() 

60,000 

1%0| 

424, (MM) 

86,000 


* Sitiha, iufiian Mhi. IV.SS, 6(f>), I 'A -a. 
t In nu-tric linis. 


TABLE 8— EXPORTS OF MANGANESE ORES FROM 
(Qty in thoii.sand ton.s and val. in thousand 

INDIA 

Ks.) 



Qly 


Val. 

1948/49 1954 54 ♦ 


894 


106,817 

1954 54 


1,624 


246,264 

1954 55 


1,022 


130,588 

1955 56 


984 


1 10,495 

1956 (April Dee.) 


514 


86,819 

19571 


1,715 


419,291 

19581 


960 


155,844 

I9.S9t 


985J 


127.417 

1960 61 


1,167: 


140,459 

* Rxeludinj; ferruginous ores, 
t Ineluding eoneentraies ; I In 

metric 

tons. 


TABLE 9-GRADE.WISE EXPORTS OF MANGANESE ORES AND 
CONCENTRATES IN 1950 AND 1960-61 
(Qtv in thousand ineirie tons and val. in thousand Rs.) 


I9.S9 


1960 61 


Qtv 

\ 

Val. 

Qtv 

Val. 

Mi'M grade (imii, 

48 ’,, and over) 

.164.7 

64,946 

408.7 

6.SJ81 

S'.eond grade (Mn, 

.t5 48‘*.,) 

.S58.8 

.S9.426 

628.2 

()7,68(; 

Ferruginous (Mn, 

less than 45",,) 

57.4 

2,824 

1 25.4 

6,457 

Peroxide ore (Stan 
dard. MnO,, 86''„) 

0.5 

247 

1.4 

541 

Peroxide ore (Mid) ^ 
below 86'’,,) 

2.2 

657 

1.5 

.167 

Others 1 

2.4 

427 

1.7 

127 

Total 

984.9 

127,417 

1,166.9 

140,459 


i liK'liidinK nianganitc. 


TABLK 10— PR ICRS OF MANGANIiSE ORES* 

(Ks. per nieirle l<»n) 

1.0.1). Clakiiua f.n.l). Madras l o.I). Visakliapam.tm f 

Ore i»r.ide ^ ^ ^ r 


Mn".. 

1959 

I960 

I9.S9 

1960 

19.59 

1960 

46 48 

147.79 149.60 

147.79 147.64 

144.10 l.S4.()0 

147.64 150.91 

147.70 1.57.50 

147.79 157.47 

42 44 

94..5.1 108.20 

91..S0 104.44 

91.41 116.20 

n.c|. 

108.20 142.90 

108.26 118.00 

.18 40 

7.1.84 84.18 

70.00 78.75 

79.75 94.54 

81.20 82.00 

78.75 84.68 

78.7.5 


• Pravisioual F.at winter of Mineral Produvtitm in India, Indian Dureaii of Mines, 109. 

i Relate to ores eontainin}; 44 46‘'„ Mn. 
n.<p- not (pioted. 
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now being regulated and established shippers and 
mine owners have been allotted (jiiotas for future 
exports based on the (|uamity exported in 1957-5S. 
The State Trading Corporation is also faking steps to 
increase exports by entering into barter transactions 
or compensation deals with foreign countries. 

Prices — I’he prices of manganese ores is deter- 
mined by their manganese content. Table 10 gives 
the prices of dillcrent grades of ores in 1959 and i960. 

MANGIFERA Linn. (Atuicurduiccac) 

A fairly large genus of evergreen trees, distributed 
in tropical and sub-tropical parts of South-East Asia, 
from India and Ceylon in the west to the Philippines 
and New Guinea in the east, from Yunnan (China) 
and Indo-C'hina in the north, to Sunda and Siilu 
Arcliipelago in the south. Three or four species are 
recorded in India, of which A/, inrlicu is by far the 
best known and most widely cultivated for its fruit. 

M. indica Linn. 'Fiii: Mango 

D.E.P., V, 146: C.P., 764: VI Br. Ind., 11 , 13; 
Singh, 13-19. 

Sans. — Amra, chuta ; Hindi — /I ni, amh ; Beng. 
Afu : Mar. Amha : (iuj. Amri ; Tei.. — Mumicli, 
mavi ; 'Fam. — Manga, man ; Kan. Mavii ; Mai.. — 
Anirani, cnlam, niavu. 

A large evergreen tree, 10.0 45.0 m. high, with a 
heavy, dome-shaped crown and a straight, stout hole : 
bark thick, rough, dark grey, flaking off when old : 
leaves linear-oblong or elliptic-lanceolate, 10 30 cm. 
long and 2-9 cm. wide, emitting when crushed an 
aromatic, resinous odour ; inflorescence a large 
panicle, containing in some types more than 3,000 
flowers ; flowers tiny, reddish white or yellowdsh 
green, pungently odorous and melliferous; staniinate 
and hermaphrodite (lowers borne in the same 
panicle : fruit a large drupe exceedingly variable in 
form and size: fruit skin thick or thin, leathery, 
green, yellowish or red, often doited with numerous 
glands: flesh (mesocarp) whitish ycllow\ yellow or 
orange, firm, soft or juicy, sub-acid or sw'eet, richly 
aromatic: fibres throughout the flesh in some types, 
ah.sent or very little in others : seed solitary, ovoid- 
ohli(|ue, encased in a hard compressed fibrous endo- 
carp (stone). 

The mango is the most popular and the choicest 
fruit of India and occupies a prominent place among 
the best fruits of the world. Few other tropical fruits 
have the historic reputation that mango possesses and 
few others arc so intimately connected wath Indian 


folklore. It has been cultivated in India for at least 
4,000 years and recent studies on the genus indicate 
that it prohahlv originated in the Assam-Burma- 
J’hailand region where truly wild mango trees, 
belonging to both A/, indica and A/. s\lvat{ca, have 
been recorded. Ii is surmised that natural hybridiza- 
tion between the two species has played an impor- 
tant part in the evolution of the cultivated mango. 
Gylological observations indicate that it had an allo- 
polypkiid origin and numerous types have been 
dilTerentiated by gene mutation and hybridization 
(Burns ik Prayag. Bull. Dcp. Agric. Bombay, No. 103, 
1920: Gangolly cl al., 4; Singh, i 5; Mukherjee, 
Sci. c ‘ Cult., 1949-50, 15 , 469 ; hidian J. Ccucl., 1951, 
II, 49; Econ. Boi., 1953, 7 , 130; /. Lhin. Soc., Bot., 
1949-57, 55 , 65 ; Cytologia, Tokyo, 1957, 22 , 239). 

Mango occurs wild or vSemi-wild nearly throughout 
India, in tropical and sub-tropical hilly forests, parti- 
cularly near nullahs atul ravines. It is common in 
sub-tropical Himalayas, hills of western and eastern 
ghats atul the [(uesls of Central India, Biha:*, Orissa, 
Assam and Andaman Islands. It is grown in planta- 
tions and orchards, but more often in homeyards, 
field borders and roadside avenues (Miikherji, 
IJoydia, 1949, 12 , 73 ; Singh, 6). 
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FIG. 91. MANGIFEKA INDICA-FLOWERING BRANCH 


Mango is by far the most important fruit croj) of 
I he country, occupying about 6o% of the total area 
iiiuicr fruits. The total area under mango is estimated 
at 2 million acres. 'Hie largest acreage is in Uttar 
Pradesh ; Bihar ranks second : other important 
mango growing areas are disirilnited in West Ikmgal, 
Andhra, Madras and the wesi coast. Table i gives 
the distribution of area and production of mango 
fruits in different States. 

The introduction of mango in other parts of the 
world is comparatively recent. It is now cultivated in 
southern China, Malaya, Indonesia, warmer parts of 
Australia, Philippines, Hawaii and West Indies, 
Madagascar and along the coast of tropical Africa. 
In N. America, it is grown to a limited extent in 
Morida and California (Burns & Prayttg, loc cit. : 
l^ope, Hn//. Hawaii affric. Si a., No. 58, 1929 ; 

llaycs, 132 ; Singh, 8-10), 

The mango tree tends to live to a great age. Giant 
trees, over kk) years old, have been recorded in West 
Bengal, Bihar, Bombay and Punjab ; a tree in 
Chandigarh (Punjab) has a trunk 9.6 m. in girth and 
a crown spreading over an area of 2,250 sq. meters 


and yields annually c. 450 maunds of fruit. A similar 
tree in the Philippines, which is also over 100 years 
old, is reported to have a crown covering an area of 
1,350 sq. meters and produces annually 10,000-15,000 
fruits, with a peak harvest of 35,000 fruits 
|Randhawa, Indian Ftfisr, 1949, 10 , 257 ; Bhadran, 
Indian Hart., 1956-57, 1(4), 24 ; Crucillo, Philipp, 
agric. Rev.y 1928, 21 , 82]. 

Varieties — Mangoes arc grouped under two broad 
categories: seedling types (wild and cultivated) and 
horticultural clones, propagated by budding or graft- 
ing. Nearly three-fourths of the total area under 
mango in India are planted with seedling progenies, 
hut they are not so well known or commercially im- 
portant in India as in South-East Asia. Seedling 
types arc prolific yicldcrs hut the yields are not con- 
sistent year after year. Wild forms occur in tropical 
and mixed forests in Andamans, in the evergreen 
forests of Khasi hills, valleys of Assam, Sikkim, suh- 
Himalayan tracts of U.P., and along the western 


TABI.E I-ESriMATED AREA AND PRODUCTION OF 
DIFFERENT STATES (195ft)+ 

MANGOES IN 


Area 

(acres) 

'V, of 
total 
.area 

Yield/ 

acre 

(nul.) 

'Total 

annual 

produc- 

tion** 

(md.) 

Uilar PratU'.sh 

767,691 

4tl.2 

70.0 

55,758.570 

Bihar 

217,517 

11.4 

52.7 

7,112.806 

Andhra Pradesh 

185,858 

9.8 

50.2 

9.550,072 

West Bengal 

180,776 

9.5 

I.t7.2 

24,802,467 

Orissa 

167,177 

8.8 

55.7 

5.655,865 

Kerala 

I1.M41 

5.9 

1 00.0 

11,5.H.100 

Madjas 

62,819 

5.5 

74.5 

4,680,016 

Bdinliay 

54,854 

2.9 

46.6 

2,.r^6,196 

Madhya Pradesh 

50,905 

2.7 

71.2 

5.624,294 

Mysore 

45,276 

2.4 

I8.>.4 

8,594,170 

’Fripura 

24,000 

1.5 

98.7 

2.568,800 

Punjab 

1 7.456 

0.9 

81.7 

1.426,1.S5 

Assam 

15,000 

0.7 

19.0 

285,000 

I.aceadive Islands 

4,664 

0.2 

98.7 

460,557 

Jainmii ik Kashmir 

472 

(a) 

98.7 

46,586 

llimaehal Pradesh 

208 

(«'•) 

98.7 

20,550 

Rajasthan 

60 

(a) 

98.7 

5,922 

'Fotal 

1,908,072 

100.0 

71.2 

l.VS,819,686 


* Mnrkctiu^ of Maniocs in India, Af^ric. Markrlitiff Scr., No. 
77, 1958, 245-46. 

♦♦For thi- year 1954 >5. (a) Negligible. 
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ghats in S. India. They yield fruits of various shapes 
and sizes, some of them attaining the size of culti- 
vated fruits (Mukherjee, Sci. & Cult,, 1949-50, 15 , 
469 ; Singh, 91-92). 

Two races of seedling mangoes are recognized, 
monoembryome and poly embryonic. When grown 
from seed, monoemhryonic mangoes do not breed 
true to type ; the embryo is generally a hybrid, being 
the product of natural crossing. In polyernhryonic 
mangoes, except for one embryo produced by cross 
pollination, the rest arc micellar ; they are vegeta- 
tive growths of ovular tissue and give rise to plants 
which breed true to the parent. The distinction into 
monoemhryonic and polyernhryonic types, however, 
is not inviolable ; polyemhryony may occur occa- 
sionally among monoemhryonic types and poly- 
embryonic types have produced at times only one 
seedling. In India, almost all types of mangoes are 
monoemhryonic. Polyembryonic types arc fount! 
only in Malabar ; about ten types are known, of 
which the most important arc Olour and Chandra- 
karan. The types indigenous to the moist tropics of 
South-East Asia are on the other hand mostly poly- 
cmhryonic : the more important among them arc 
Cambodunia of Indo-China and Carabao and Pico of 
the Philippines (Wester, Bull, Bur, /IgnV. Philipp, ^ 
No. 18, 1920 ; Naik, 123 ; Gandhi, Farm Bull,, Indian 
Conn, agric. Res,, No. 6, 1955 ; Singh, 22-23 ; Sen 
& Mallik, Indian J, agric, Sci,, 1940, 10 , 750 ; Naik & 
Gangolly, 32 ; llaycs, 140; Sachar & Chopra, Indian 
J, agric, Sci., 1957, 27 , 219: Maheshwari & Ranga 
Swamy, Indian J, Hort,, 1958, 15 , 275)- 

A large number of mango types, estimated at over 
1,000, are grown in various parts of India, each 
having its own peculiar taste, flavour and consist- 
ency of pulp. Throughout the centuries of cultiva- 
tion, clonal strains have been selected from zygotic 
seedlings and vegetatively propagated as standard 
varieties. Quite often one and the same type has been 
grown under different names in different parts of the 
country. Several attempts have been made to 
describe and classify them with reference to the size, 
shape and (piality of the fruits, particularly with a 
view to clarify their nomenclature. A comprehensive 
survey of types grown in India has been made and 210 
types have been described with reference to morpho- 
logical and horticultural features. Recently attempt 
has been made to describe them according to a pres- 
cribed schedule ; in all 77 types have been descril^ed 
from India and 24 from outside countries. Only a 
few among them of commercial importance : the 


principal horticultural and fruit (|iialities of some of 
them are given in Table 2. Table 3 gives a list of 
important mango types grown in different States 
(Woodhouse, Quart. J. Dcp. Agric. Bcng., 1908-09, 2 , 
168 ; Burns & Prayag, loc. cit. : Allan, Bull. Dcp. 
Agric. U.P., No. 13, 1943 : Mukherjee, Bull, hot, Soc. 
Bcng., 1948, 2, 15 ; Naik, 123 ; Naik & Gangolly, 
33- 34 ; The Mango : A Souvenir, Oep. Agric. Hydera- 
bad, 1954, Statements, 2-1 1 : Singh ^ Singh, 1 & II, 
1956; Gangolly et al., 7-8; Singli. 93-142). 

While almost all types currently grown in India 
arc selected from natural crosses, attempts have been 
made to breed improved types by hybridizing 
parental types with known (|ualiries. Some inter- 
varietal hybrids witli improved characteristics have 
been evolved and some of them exhibit the good 
(lualities of the parents and also hybrid vigour, 
(drafts raised from them have generally given higher 
yields and the hearing period is much earlier than 
the seedlings themselves (Naik, Indian J. agric, Sci., 
1948, 18 , 35 ; Sen el al., Indian ], Hort., 1946. 4 , 4 ; 
Singh, ibid., 1954, 11 , 16 ; Naik el al., ibid., 1958, 
15 , 159; Rao & Rangacharlu, ibid., 1958. 15 , * 73 )- 

CiJi;riVATioN 

The mango flourishes in tropical or nearly tropical 
climates with a mean shade temperature of c. 80“ F., 
minimum temperature above freezing point and 
abundant moisture in the atmosphere. It grows well 
in humid as well as dry climates, but yields better 
in regions with a rainfall of 75-250 cm. from June to 
September, followed by a rainless j)eriod of about 8 
months. Rain, fog or cloudy weather at the time of 
flowering (November to February) affects fertiliza- 
tion and fruit setting and favours the onset of pests 
and diseavses. Similarly, heavy rain during the 
maturing and ripening of fruits causes damage to 
the crop (Cheema el al., 50 51 : Naik, 12 1 ; Gangolly 
et al., 46^ : Gandhi, loc. cit.). 

'fhe tree does not bear abundant fruit in the 
humid zones of lower Bengal, Assam. Kerala and 
south-east Madras, since there is no chilly winter in 
these regions. Further, due to the occurrence of 
south-west and north-east monsoons, the climate 
remains continuously wet for over eight months in 
the year and flowering is sporadic and meagre, and 
blossoms and fruits are often destroyed by anthra- 
cnose. The mango cannot stand frost and, tlierefore, 
does not thrive in the hills of Punjab, Uttar Pradesh 
and the temperate regions of Himachal Pradesh and 
Kashmir above 9(X) m. In the frost-free plains and 
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TAB! fi J-CHARACTERISTICS O? SOME IMPORTANT COMMERaAL TTPBS OF MANGOES CUl.TIVATED IN INDIA* 


Type 

Main areas of 
cultivation 

Fruit characteristics 

Keeping 

quality 

Fruiting 

season 

Remarks 

I. AlUinipiir Baticslian 

Andhra Pradesh, 
Madras 

Large, oblong to oblong- 
oval ; primiiline yellow, 
Oe.sh firm, inai/.c yellow, 
juicy 

Good 

Mid -season 

Poor to medium 
bearer ; very good 
edible quality 

2. Alphonso 
/huianti, 
apfyfjs, khmler 

Konkan (Maha- 
rashtra), Mysore, 
Madras, Kerala 

& Andhra 

I’radesh 

Medium, ovate-obliaue ; 
capucine yellow ; flesh 
firm, capucine yellow 
with abundant juice 

Good 

Mid -season 

Medium to heavy 
bearer ; excellent 
quality 

3. Baii^nlorn 

I'otapuri, colivctnr, 
kili-muhkii 

Madras, Andhra 
Prade.sh, Mysore 

Medium, oblong with 
necked bu.se & promi- 
nent beak ; skin thick, 
lemon chrome colour ; 
flesh firm, m u s t a r d 
yellow, juice scanty 

(>ood 

Mill -season 

Heavy bearer ; poor 
to medium quality 

4. Baiij'aiipaUi 

hiincshan, i ha f> tai, 
safnia 

Madras, Andhra 
Pradesh 

Large, oblicpiely oval, 
base oblicpiely flattened ; 
primiiline yellow ; flesh 
firm to meaty, maize 
yellow, juice moderate 

Good 

Mid -sea son 

Heavy bearer ; good 
quality 

5. Bombay Yellow 
Honihai 

Uttar Pradesh, 

Bihar 

Medium, ovate oblique, 
base obliquely flattened ; 
golden yellow ; flesh 
firm, cainicirie yellow, 
moderately juicy 

Medium 

Farlv 

Medium bearer ; 
good edible cpiu- 
litv 

6. Duschri 

Dashehari amatt, 
nirali amatu 
kamyah 

Uttar Pradesh, 
Punjab & Delhi 

Small to medium, oblong 
to oblong-oblique ; pri- 
mulinc yellow ; flesh 
firm, capucine yellow : 
juice scanty to moderate 

Good 

Mid-sea.son 

Regular heavy 
bearer ; good 
quality 

7. Fazli 

Ftnli malita 

West Bengal, Utiai 
Pradesh, Bihar 

liUrge, oblong oblique, 
cerro green ; flesh firm, 
cosse green when mature 
& primiiline yellow when 
fully ripe 

Good 

Late season 

Heavy bearer ; good 
cpiality 

H. r.iilab Khas 

Bihar 

Small to medium, oblong 
oblicpie, base necked to 
tapering ; c a d m i u m 
yellow with a blush of 
firefly on shoulders ; 
flesh firm, cadmium 
yellow ; juice moderate 
to abundant 

V'ery good 

Mid -season 

Heavy bearer ; very 
good edible quality 

9. Langra 

Banarsi hm^ra 

Uttar Pradesh, 

Bihar 

Medium, ovate ; lettuce 
green ; flesh firm to soft, 
lemon yellow w'ith strong 
flavour: moderately 

juicy 

Medium 

Early to mid- 
season 

Heavy bearer ; very 
good quality 

10. Mu Ida 

Bombay f^reen 

Uttar Pradesh & 
many other areas 
of Indo-Uangetic 
plain 

Medium, ovate-oblong to 
oblong reniform ; spinach 
green ; flesh firm to soft, 
mikado orange ; moder- 
ately juicy 

Medium 

Early 

1 fcavy bearer ; fruit 
of good quality 

11. Mulgoa 

Andhra Pradesh, 
Maharashtra, 

Mysore & Salem 
dist. of Madras 

Large, roundish oblique : 
primiiline yellow ; flesh 
firm, mustard yellow ; 
juice moderate to abun- 
dant 

Good 

Often late 

Poor bearer ; fruit 
of very gofnl edible 
quality 

12. Neelum 

Drier districts of 
Madras & Andhra 
Pradesh 

Medium, ovate-oblique ; 
saffron yellow ; flesh firm 
p r i m li 1 i n e yellow ; 
moderately juicy 

Very good ; 
stands long 
transport 

Often late ; 
sometimes 
twice a year 
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TABI.K 2- LOntti. 


Tyiw 

Main areas of 
cultivation 

Fruit characteristics 

Keeping 

quality 

Fruiting 

season 

Kemarks 

13. Olour 

Kerala 

Medium, oval ; capiicine 
yellow; flesh soft, mode- 
rately fibrous, capijcinc 
yellow ; juice moderate 
to abundant 

Medium to 
good 

Very larly 
.season (Fcbr.- 
Mar.) 

Poly embryonic ; 
heavv-bcarer ; 
moderatelv rcsis 
tant to winds & 
hoppers 

14. Pair! 

Rasfniri, peter, 
nadusalai, grape, 
goha bunder 

Central districts of 
Madras, Mysore, 
Andhra Pradesh, 
Maharashtra & 
Kerala 

Medium, ovate ; apricot 
yellow ; flesh soft, fibre- 
less, primuline yellow ; 
juice abundant 

Medium to 
poor 

F.arly season 
crop 

Heavy yielder ; 
fruit of gooil 
quality 

15. Kajapuri 

(hijarat 

Medium to large, ovate 
to ovate-oblong ; deep 
chrome ; fle.sh firm, prin- 
nard yellow ; moderatelv 

Medium 

Karlv to mid- 
season 

Heavy & regular 
bearer 



juicy 




16. Kiiniatii 

Last coast districts 
of Madras 

Medium, applc-sha])ed ; 
nriiuuline yellow with a 
Idiish of red on shoid- 
ders ; flesh firm to meaty, 
primuline yellow ; mode- 
rately juicy 

(h)od ; stands 
long transport 

Mid-se.'ison to 
late, often 
bears an off 
season crop 

Heavy hearc'r 

17. Safeda Lucknow 

Uttar Pradesh 

I .a rge, ova I e ; ca puci ne 
yellow ; flesh soft, spar- 
ingly fibrous, primuline 
yellow ; juice abundant 

Medium 

Late season 
crop 


18. Sa filar Pasaiui 

West Renj^al, 

Uihar 

Medium, oblong to oblong 
obliipie ; skin thick, 
smooth golden yellow ; 
flesh firm, fibrcless, capu- 
cine yellow ; moderately 

Medium 

Karlv season 

Very productive, 
regular bearer 



juicy 




19. Sainarhchisht 
(!liow.sa 

Chausa, khajri 

Uttar Pradesh 

Medium, ovate to oval 
ol)li(|iie ; canary yellow ; 
flesh firm, amber yellow ; 
moderately juicy 

Medium to 
good 

Mid to late 
.season 

Heavy bearer ; good 
qiiaiity fruits 

20. Siivarnarc'klia 

Sundri, tatsundri 

Andhra Pradesh 

Medium, ovate-oblong, 

light cadmium with a 
blush of jasper red ; 
flesh fibrcless primuline 
yellow 

flood 

Karlv season 

Hcavv bearer 

21. Van ra j 

Raroda in Gujarat 

Medium to large, ovate 
oblong ; deep chrome 
with a blu.sh of jasper 
red on shoulders ; flesh 
firm to soft, fibreless, cad- 
mium : juice abundant 

Good 

Mid to late 
season 

Medium produc- 
tive ; regular bear- 
ing ; fruit of good 
quality 

22. /ardalii 

Hihar, Uttar 

Pradesh 

Medium, oblong to obli- 
quely oblong ; golden 
yellow ; flesh firm to soft, 
sparingly fibrous, capu 
cine yellow ; moderately 

Medium 

Mid-season 

crop 

Medium to heaw 
bearer 



juicy 




23. K.O. 7/5 

(Himayuddinx 

Neelum) 

Kayala.secnia in 
Andhra Pradesh 

Medium to large, oblong 
to oblong-oval ; skin 
leatherv, yellowi.sh ; flesh 
firm, fibrcless 

Keeps well 

Mid to late 
season 

Heavy bearer ; very 
gooii ipialiiy 

24. K.O. 11 

Do. 

Large, ovate; skin rough- 
ened to .slightly warty, 
vcllowish, flu.shed with 


Mid-season 

Medium to heavy 
bearer 


coral red ; flcsli soft, 
flbrelcss 

•Gangolly et n/., 38 454; Naik, 126-41 ; Marketinf^ of Mangoes in India^ Marketing Ser., No. 77, 1958. 
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St.'ite 

I’linjah ^ Delhi 
Uttar Piiulfsh 


Bihar 

Wc-M BcMigal 

Assam 

Orissa 

Madliva Prntlesh 
Andhra Pradesh 


Madras 


Mysore 

Kerala 

Maharashtra 

(hijarat 


TABLE J— IMPORTANT MANGO TYPES CUI/ITVATED IN DIFFERENT STATES* 


Type 

Alphnnso Piiiijai), Dusehri, Laii>;ra, Mahla Handle, Kaehmuha. 
Khangari Baeha, Sehroli, Siirkha Panditwala (Sindhiiria) 

Amin Heera, Amin Ihrahimpiir, Amin Kluird, Amin Sahai, 
Amin Tehsil (Prinee), Anopan, Aziz Pasand, Baj»al Sahai, 
Baramasia. Bliadiiriya, Bombay (Jrcen (Malda), Bombay 
Ytllow, Buddu ka Kelwa, Dusehri, Kajri, Fajri /afrani, Kakir- 
wala, Kazli .Malda, (Jopal Bhog, (iulab jaman, Hiishnnrn, Tnayat 
Pasand, Kandel, Khasa Ibrahimpur, Kishenbhoj», Langra, 
Malda Handle, Nisarpasand, Kaspunia, Kataul, Kehmat Khas, 
Safeda C^alcutta, Safeda Lucknow, Safeda Malihabad, Sakkar- 
china, Samarbehisht Aliba^h, Samarbehisht Uhowsa (Kajri), 
Samarbehisht Kampiir, San}>tra, Sehroli', Shamsul-asamar, 
Taimiiria, Zafran, /ardalii 

Alphoiiso Bihar, Bathiia, Bharat Bhog, Bf>mbai (Malda), Bombay 
Yellow. Buddu Ka Kelwa, DophonI, I'ajri, Fazli Malda, (hdal) 
Khas, Hushnara, Khas-ul Khas, Kisbenbho^, Lan^ra, Safdar 
Pasand, Sakkarchina, Samarbehisht Chowsa, Siikul, Surkh 
Burma, Taimiiria, /ardalii 

Bhawani (Ihowras, Bombai (Malda), Bombay Yellow, Brindabani, 
Dophool, Fajri, Fazli Malda, Fa/li /umko, Himsagar, Inavat 
Pasand, Kanchamiiha, Kisheiibhog, Kohiioor, Langra, Paiija 
Pasand, Kanee Pasand, Safdar Pasand, Shaduala, Shah Pasand, 
/ardalu 

Mostly seedling types 

Mostly seedling types, and Suvarnarekha, Banganpalli, Neelnm, 
Langra, Dophool 

Mostly seedling types (Wangya, Kharbooza, Khobrya, Shendriya, 
Shrawanya) ; Pairi, Alphonso, Bombai Malda, Langra 

Alliimpur Baneshan, Alphonso, Amlet, Ashraf-iis-Samar, Athi- 
madhuram, Aziiin iis-Samar, Bangalora, Banganptdii, (Iheru- 
krasam, (Ihinnarasam, Dondakayalumanu, Doodia, Imam 
Pasand (Himayuddin), Jehangir (tJmdra), janardhan Pasand, 
Kalepad, Kintalvanipeta (Bombili Piinasa), Kolanka («ova, 
Kathapalli Kobbari, Mulgoa (Lai, Safed, Yerra), Miirshidabad, 
Nazeem Pasand, Nazuk l*asand, Neeluni, Pairi (Peter), Pana- 
kalu, Panchadarakalasa, Pcddakalepadu, Pedda Uasain, Puli- 
hora, Kajumami, Sakkar Outli, Suvarnarekha (Sundri), 
Swarapadu , 

Alliimpur Baneshan, Alphonso (Curiflu), Amlet (Manoranjani), 
Bangalora (Kilt inukkii), Banganpalli, jailor, Jehangir, Kale- 
pad (Katti Neelum), Khudadad, Mulgoa, Neeliim, Padiri, Pairi 
(Nadusalai), Pulihora (C'olour), Kiimani, , Salem Bangalora. 
Sindh lira 

Alphonso (Badami), Bangalora (Totapuri), Kalepad (Kallapady 
Khudadad. Mankiirad, Mulgoa, Mundappa, Neelum, Pain 


Alphonso, y\mini, Uhandrakaran, Hamlet, Mundappa, Khudadad, 
Olour, Pairi, Puttu 

Ainini, Alphonso, Borsha Kalamsar, Fernandin, Mankiirad, 
Mulgoa, Pairi, Shendriya 

Alphonso, Borsha Kalamsar, Cowasji Patel, Dadamiyo, jamadar, 
Kajapuri, Salebhoy Amidi, Sardar, Shendriya, VanraJ 


Areas (districts) of cultivation 

Hoshiarpur, Ambala, (>urdaspur & Karnal 
dist. ; Ddhi State 

(forakhpur, Siiltanpur, Dhazipur, Kae 
Bareli, Pratapgarh, Allahabad, Faizabad, 
Barabanki, Jaunpiir, ,Sitapur, Deoria, 
Basti, (amda, Kheri, Hardoi, Meerut, 
Saharanpur, Bareilly, Kanpur & Lu<*k- 
now dist. 


Mu/alTarpiir, Darbhanga, Saran, Shahabad, 
Uhamp.'iran, Patn.'i, Bhagalpur K' Purnea 
dist. 


Maltla, Miirshidabad, Bind wan, 24-Par- 
ganas, N.ulia ^ Hooghly dist. 


Scattered all over State. 

Samba I pur, Ctin jam, Koraput, C'littack & 
Puri (list. 

Drug, Jabalpur, Bilaspur, Kaipur, Hoshan- 
gabad & Bastar dist. 

Vi.sakhapatnam, (Tiittoor, Fast Uodavari, 
Krishna, (liiddapah. West Hodavari, Nal- 
gonda, Hyderabad, Medak & Mahbub- 
nagar dist. 


N. Arcot, Salem, CTiingleput ik Madurai 
dist. 


Kolar, Bangalore, Tumkur, Mysore, Oiil- 
barga, Dharwar, Kanara. Uhitaldrug, 
fLi.ssan, (Tiikinagalur ik. Mandya dist. 

All districts 


Katnagiri, Nasik, Satara, Kolaba, Auranga- 
bad, Bir, l^irbhani \ Osmanabad dist. 

Sural & Kaira dist. 


of Manji^ofs in India, /Igr/V. Marketing St'r., No. 77, 1958; (raiigolly et al., 28 454. 
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hills of IVninsiilar India, tJic mango grows iroin sea 
level up to 1,200 in., bur is commercially unsuccess- 
ful at elevations above 900 m. (Singh, 80). 

Mangoes thrive in parts of North India where 
temperatures as high as 115-120^^. prevail during 
the summer ; however, high temperatures accom- 
panied by strong winds damage and blow away the 
fruits. Strong wind breaks, preferably of shisham 
{Dalbcrgia sisson) and other trees, are planted to the 
south-west of mango plantations to arrest the winds 
(Gangolly et aL, 478 ; Singh, 221). 

Soil — The mango thrives in a wide variety of soils. 
It grows in rich clayey loams, as well as on poor, 
sandy and gravelly soil, provided it is fairly deep and 
well drained. Some of the best mango groves are 
found in the Indo-Gangetic plains and also on the 
banks of rivers in Peninsular India, where the soil 
is rich alluvial loam of great depth. It does not grow 
and fruit w'cll if the subsoil is rocky, limey or clayey. 
In the mouniainous regions of western and southern 
India, trees growing in shallow soils, less than 90 cm. 
deep, remain stunted and are short-lived ; those 
planted 1.5 m. deep in loamy, medium black soil, 
overlying a porous, murum (disintegrating trap rock) 
substratum give good results. Fruits of the best 
c|uality are produced on loamy soil, 90 cm. in depth, 
containing 5-io^V. of lime and enough peroxide of 
iron to give the soil a reddish tinge (Burns cV Prayag, 
loc. cit. : Allan, loc. cit. : Cheema rt al., 49 ; Singh, 
« 4 « 7 ). 

Profyagaiion — 'Phe mango is easily propagated 
from seed, but this method is not satisfactory for 
establishing commercial orchards of choice types, 
since seedlings tend to be variable and often bear 
fruits which arc inferior in quality to those of the 
parent ; further, seedling trees arc slow to ccmie into 
bearing. To ensure fruit (piality and early produc- 
tiveness, choice types are propagated by grafting 
(Singh, 143-45). 

Inarching or simple approach grafting is the 
method commonly practised all over India. The 
root-stock is raised from seeds of any type selected 
for its vigour and when about a year old. it is grafted 
w'ith a branch of the scion tree. Since mango seeds 
lose their germinating power within 20-30 days, they 
are sown as soon as they arc extracted from ri|)e 
fruits. The best time for sowing is the commence- 
ment of the monsoon, June or July. Seeds may be 
sown in pots or they may first be sown in beds and 
then transplanted into pots after two months. Potted 
seedlings are kept under partial shade for about otie 


year and w 4 ien they have attained a height of 
c. 45 cm. and a thickness of 6- 12 mm., they are ready 
for grafting. l"hc commencement of monsoon in light 
rainfall tracts and the end of monsoon in heavy rain- 
iall tracts are the most suitable periods for inarching. 

Potted seedlings are carried near the scion tree 
and elevated on a scalfolding to meet the branches. 
A one year-old terminal twig. 45 60 cm. in length, 
is chosen for inarching ; the thickness of the scion 
branch should he nearly the same as that of the 
stock. A thin slice of bark and w'ood, c. 5.0 cm. long 
and 0.5 cm. broad and 2 mm. deep, is removed from 
the stock as well as the scion, the two cut surfaces 
are closely adpressed and the combination tied and 
wrapped. After about two months, when organic 
union is complete the scion branch is cut below the 
graft point, the severence being elfected gradually 
and in stages. 'Phe graft thus prepared is nursed, 
hardened and cared for in a shaded place for about 
six months before it is planted out in the field 
(Chindhi, loc, cit. : Gangolly vt uL, 468 ; Singh, 

About two years are rccpiired for preparing potted 
inarch grafts. 'I’o minimi/.e the expense and time 
involved, inarching of younger seedlings has been 
suggested. Successful results have been obtained by 
inarching 3 weeks old seedlings to newly sprouted 
scion shoots in the Philippines, while in Poona, two 
months old seetllings have been inarchetl to scions 
of the same age. Inarch grafts have been made in 
about 8 weeks by grafting 30 days old seedlings 
(Wester, loc. cit. ; Burns & Prayag, loc. cit. ; Singh, 
Science, 1951, 114 , 393 : Singh, 157). 

Air-layering or marcotting has also been tried 
with success, particularly with application of hor- 
mones, like a-naphthaleneacetic acid and /?-indolea- 
ci iic acid (Garg, Indian ]. llori., 1954, 11 , 147 ; 
Rangacharlu Ra(\ Andhra agric. 1956, 3 , 2647 ; 
Singh. Proc. Anicr. Soc. hort. Sci., 1954, 63 , 128: 
Rao Rao, S. Indian Ilori., 195b. 4 , 54, 56 : Singh, 
2'>4 ‘> 5 )- 

'ronguo grafting and saddle grafting have also 
been suggested for the propagation of choice types. 
Root grafting has been tried wdth success, |)articular- 
ly for eliminating the inllucnce of the seedling stem 
on the scion. Double grafting has been recommend- 
ed wherever grafts are made by root grafting, top- 
working or budding trees of inferior <|uality. Doidde 
w'orking leads to dwarfing of trees and also induces 
slight precocity (Naik, Indian /. agric. Sci., 1948. 
18 , 147 ; Naik. 139-62 : Singh, 158-59). 
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Attempts have been made to replace inarching by 
less expensi\'c and less ciiinhersome methods, in 
which detached pieces of scion branches are grafted 
over seedling rootstocks, preferably grown in a 
ground nursery. The methods suggested include 
whip-grafting, cleft -grafting, side-cleft-grafting and 
side-tongue grafting. The scion should be selected 
from a ripe terminal shoot with a whorl of plump 
and swollen buds at the top ; a piece c. 15 cm. long 
and as thick as the stem of the rootstock seedling 
is cut and preserved in moist sphagnum moss until 
use (Burns & l^rayag, loc. cit. ; Singh, 165-74 ; 
Parsons, Bull, Dep, /igne. Ceylon, No. yo, 1937, 9 » 
Wester, loc. cit. : Naik, Indian J, agric. Sci., 1941, 
11. 736; Indian Fnig, 1947. 8, 22 : Pope, loc. cit.). 

Though grafting hy inarching is the most poptilar 
method employed in India, promising results have 
been obtained by budding. Three methods have 
been tried, vi/. shield-budding, patch-budding and 
the korkert method of budding. Of these shield 
budding hy the inverted T method is the simplest 
and most successful. One or two year old rootstocks, 
grown in a nursery, are more suitable than pot- 
grown stocks. The percentage of successful bud- 
takes in shield and patch methods vary from S to 
70V0 in dilfcrcnt environments. But they have not 
been adopted as standard nursery practices, because 
of the uncertainty of bud-takes and also due to the 
diflicidty in transplanting budded plants. On the 
other hand, the Korkert method of budding has 
given a high percentage of hud-takes and has been 
suggested as a commercial nursery practice suitable 
for replacing inarch-grafiing (Burns cV Prayag, loc. 
cit. : Ulvi, Indian Fmg, 1940, 1, 223 : Naik, Indian J, 
atrric. Sci., 1941, 11, 736; Singh & Khan, Indian 

Fnifr, 1943, 4, 199 ; Punjab Fr, 1943, 7, 648 ; 

(iandhi, loc. cit. : Singh, 176-86). 

Grafttnir of large trees — fn the humid regions of 
the west coast of India, mango trees of large size 
growing on the slopes of western ghats are converted 
into choice varieties by in situ grafting during the 
south-west monsoon. Both crown-grafting and side- 
grafting have been adopted with good results. In 
crow'ii-grafting, the tree is beheaded at a height of 
30-60 cm. from the ground with a saw and the 

scion, fashioned into a wedge, is inserted in a slit 

prepared for the purpose in the bark. The scion is a 
dormant, terminal shoot, c. 1.2 cm. in diam. and not 
more than 17.5 cm. in length, with a whorl of plump 
and swollen buds at the top. Crown grafts done 
during the monsoon in Konkan and Kerala sprout 


satisfactorily without any special precautions. In the 
drier regions, however, a humid atmosphere has to 
be arlilicially created around the grafts ; a miniature 
graft protector lias been designed for this purpose. 
Side-grafting is similar to crown grafting, but the 
trunk of the stock tree above the graft joint is cut 
only after the union is established and the scion 
makes growth. Most growers prefer side-grafting as 
the tree is not sacrificed if the graft fails (Gandhi, 
loc. cit.). 

The chief disadvantage of crown and side-grafting 
is the loss of the trunk and the top which have taken 
.several decades to grow. The scion, grafted low down 
on the trunk takes many years to develop to the 
original size of the stock tree. To remedy this, 
grafting of top branches without cutting the trunk 
of the stock tree is recommended. The main 
branches of the tree are cut back to within 60-90 cm. 
of the main trunk. Scions of choice varieties are 
grafted hy various methods on these beheaded 
branches. Bud-grafting and side-grafting and bud- 
ding have all been tried. Budding has given good 
results where the ma.ximum temperature ranges 
between 90 and ioo”F. (Burns & l^rayag, loc. cit. ; 
l^irsai, Nagpur agric. Coll, Mag,, 1951-52, 26 , i ; 
Indiati J, llort,, 1958, 15, 203). 

Planting The best time for planting in northern 
and western India is July to August and in South 
India, July to December, 'fhe distance between 
plants varies according to the types grown, climatic 
and soil conditions. Varieties like Duseliri which do 
not grow into large trees are planted 10.5 m. apart, 
wliile Langra which grows into a large size is 
planted 13.5 m. apart. In Deccan, Alplionso and 
Pain are generally planted 9 10.5 m. apart, while on 
the slopes of the lateritc hills of Ratnagiri, Alpluniso 
grafts arc planted 12-18 m. at random, wherever 
pockets of deep .soil are available. In South India, 
12 m. is generally ade(|uate, but 18 m. .spacing is 
found necessary for vigorous types (Gandhi, loc. cit. ; 
Singh, 221). 

Mangoes are planteil in pits 60 cm. in diam. and 
60 cm. deep in loamy soils *, in the shallow soils of 
hilly tracts pits are made 90 cm. wide and 90 cm. 
deep. Pits are dug a few weeks before the monsoon 
and filled lieforc the rains break with the original 
.soil mixed with manure ; a mixture of icx) lb. of 
farmyard manure, 5 lb. of bonemeal and 10 lb. of 
wood ash is recommended for incorporation with 
soil. In the drier zones of North India, where white 
ants are present, farmyard manure is replaced hy 
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5 lb. ot iiecin of mahua cake. In the heavy rainfall 
areas of Ratna^iri, the pits are lilled with alternate 
layers t)f soil and green leaves ot forest trees ((iandhi, 
loc. cit.). 

Irrif^atioti As a rule mango trees re<|uire irriga- 
tion only for the first three or four years. In areas 
with good fainfall and deep soils, it is not advisable 
to irrigate bearing trees during winter. Excess of 
moisture in the soil after October may retard flower- 
ing. On the other hand, in areas with scanty rainfall 
and in sandy or shallow soils, one irrigation in 
November or December is helpful. In North India, 
bearing trees are watered 4 or 5 times between the 
setting of fruits in Eebriiary and the cotninencemenl 
of monsoon in June or July. This is reported to 
minimi/.e fruit fall and favour the formation of 
large fruits. In Bombay, irrigation during flowering 
and fruiting periods has not proved helpful either 
in increasing the yield or in improving the niiality 
of fruits (1 layes, 149: Gandhi, loc. cit. : Burns & 
Prayag, loc. cit. ; Singh, 233). 

Manurifig— The best time for manuring young 
|)lants is the beginning of the monsoon. A mixture 
of 20 lb. of farmyard manure. 5 lb. of bonemeal and 
10 lb. of wood ash is recommetided for one year old 
plants. The dose is increased each year by to lb. of 
farmyard manure, 1 lb. of bonemeal and 2 lb. of 
wood ash, till the total dose ]>er tree amounts to 
too lb. of farmyard manure, 15 lb. of bonemeal and 
30 lb. of w'oofl ash. The manure is dug into the 
ground in a trench 60 cm. broad and 15 cm. deep, 
c. cm. away from the trunk in one year old trees. 
'I'he trench is widened by about 15 cm. and its inner 
edge taken back 15 cm. away from the tree every 
year (Burns & Prayag, loc. cit.; Naik, 174: Chiudhi, 
loc. cit. ; Singh, 254). 

Manuring of bearing trees of advanced age is 
nowhere practised in India. Available evidence 
indicates that annual manuring is heneficial and 
improves the bearing capacity uf trees. Trials carried 
out in Bihar have shown that nitrogen determines 
the growth and controls the uptake of phosphoric 
acid and potash, and it is advisable to maintain a 
proper balance betwx*en nitrogen and potash. A 
mixture of 200 lb. of farmyard matiure, 4 lb. of. 
castor cake, 10 lb. of bonemeal, 2 lb. of .ammonium 
sulphate and 30 Ib. of wood asli is recommended 
I Gandhi, loc. cit. : Sen & Roy, Prnc. Indian Sci. 
CoHj^r,, 1945, pt III, 23 ; Roy vt ai, Pwc. Arncr. Soc. 
hart, Sci., 1951. 57 , 9; Katyal ^ Chadha, Fertiliser 
News, i960, 5(ii), 16]. 


Other cultural practices In North India, young 
mango trees need protection against frost, from 
December to early February. It is usual to cover the 
plants at the to|) and three sides with thatch, keep- 
ing the south-east side open for light and sunshine. 
"Pile orchard is also protected from hot winds during 
summer by planting a permanent windbreak of trees 
on the windward .side. The trees commonly planted 
for this purpose are: .seedling mangoe.s, mulberry 
(M(trus alha) and shisham (Oall)er<ria sissoo) in N. 
Iiidi.i and Casuarina sp.. Fr\t/irina s|). and Ptero- 
earpus santalinus in S. India. "Phe orchard is plough- 
ed and harrowed at least twice antuially to keep out 
weeds (Singh, 221, 227). 

In the IndoGangetic alluvium, white ants destroy 
young grafts, especially during the dry weather. 
Ample irrigation during the dry .season is necessary 
in such areas. For controlling white ants, DDT 
(0.2“.. water suspension) may be applied around each 
graft in the beginning of October : the use of castor 
cake, neem cake or mahua cake is also recomtuendetl 
((iandhi, lo( . c it.j. 

Phe mango tree naturally assumes a graceful 
dome-shaped form, perfectly sliading the trunk. 
Newly planted grafts are allowed to grow unhamper- 
ed for about four years before any |)rutung of the 
scion lop is taken up to correct the shape. At the 
end of the fourth year, crossed branches, weak 
growths and grow'ths appearing on the slock below 
the graft-joint are removed. Flowers that may 
appear during the first three years are removed since 
they .seldom set fruit ((>andhi, loc. cit.). 

Flowkkinc; and Fki'mino 

Phe mango produces blossoms mostly from termi- 
nal shoot buds, rarely from axillary buds. Dry 
weather stimidates flowering and cloudy weather and 
winter rains retard it. The factor that governs and 
controls flowering is maturity and age of sea.sonal 
vegetative growths which are pre^duced in distinct 
flushes at certain times of the year. It is mostly the 
S-io months old mature shoots that produce flowers. 
vShoots appearing in spring and early summer cease 
growing at least four months prior to the blossoming 
season. Subsecpient flushes rarely blos.som towards 
the end of winter or the beginning of spring, which 
is the flowering time of the mango nearly throughout 
India (Gandhi, loc. cit. ; Singh, 64). 

Though only the spring and summer growths 
produce blossoms as a rtile, cases of flowering have 
been ob.served in .some trees due to unexpected con- 
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ccntrations oi* food reserves. Some varieties, railed 
Baramasisy flower at any time ol* the year and yield 
sporadic crops in different seasons. In South India, 
certain varieties including NtTltmi and' Suvarna- 
rckhd produce flower panicles from 3 months old 
lateral shoots in Oecember or January (Gandhi, loc. 
cit. : Naik, 143 : Naik & Gangolly, 27). 

In most parts of Peninsular India, Decemher- 
january is the usual time of flowering, while in 
many parts of North India, which experience a 
sharp winter, the trees flower late in January or 
February or even in March. Flowering continues in 
two or three distinct flushes for a period of 6 8 weeks 
on different branches of the tree and it takes five 
months for the fruits to mature and ripen after 
flowering (Gandhi, loc. cit.). 

In parts of Java and the Philippines, where periods 
of water stress are mild and where there are more 
than one blossoming season, the onset of blossoms 
can be hastened by several weeks by “smudging”. 
I1ie treatment consists in lighting smoky fires for 
6-17 days under the trees, a few weeks in avlvancc 
of the flowering season. The presence of ethylene 
gas in the smoke is probably responsible for forcing 
tlie flowering. In trials conducted in Bihar, the trees 
instead of flowering, began to put forth vegetative 
growth, (^thcr methods employed elsewhere for 
inducing early flowering arc root exposure and prun- 
itig of end shoots. These treatments have not proved 
helpful in India (Galang & Agati, /. /Igm*., 

* 93 ^' 7 , 245 ; Sen & M^dlik, Indian /. Ilort.y 1947, 5 , 
29: Hayes, 15 1; Chandler, 332 : Burns & Prayag, 
loc. cit. ; Singh, 71). 

In parts of Tamil nad, especially near Tenkasi in 
Tirimelveli district and at Kanyakumari, mango 
trees yield sizeable off-season crops since the rainfall 
in these areas is evenly distrihuted (Naik, 178 ; 
Lysander ^ Pillai, S, Indian flort.y 1957, 5 , 20). 

Fruilsctliiijr — Flermaphrodite or perfect flowers 
arc protogynous and entomophilous and are pollinat- 
ed by insects. Most of the flowers open at night or 
early morning ; some open between 7 a.m. and 
10 a.m. and very few during the afternoon. The best 
time for insect pollination is between 7 a.m. and 
I p.m. when the anthers dehisce | Torres, Phillip. ]. 
Afrric.y 1931, 2, 395 ; Waglc, Agric. J. India, 1929, 
24 , 259 ; Bijhauwer, A.P.C., A contribution to the 
knowledge of the flowering and fruiting habits of the 
mango tree (A/, indica), L.H. Veeman & Zonen, 
Wageningen, 1937 : Musahib-Ud-Din & Dinsa, 
Punjab. Fr. /., 1946, 10 , 35]. 


In western India, flies belonging to the genera 
Psyclwnosma and Pyrellia are the chief pollinating 
agents. In Saharanpiir (Uttar Pradesh), three types 
of flics have been observed, viz. Mclipona spp., 
Syrphidac sp. and Musca domestica. Many flowers 
often remain unpollinated and fail to set fruit. More 
than 9(;‘’n of unpollinatcd perfect flowers dro[) down 
and of those pollinated, some drop down as shrivell- 
ed young fruits during the first four weeks after 
pollination. The dropping of perfect and male 
flowers may last from 6-32 days. For a tree to be 
sufficiently productive, the number of perfect flowers 
in its panicles should be large enough to make allow- 
ance for the mass shedding of unpollinated flowers 
and shrivelled young fruits. In the l^angra variety, 
for instance, several well defined drops of flowers and 
.shrivelled fruits occur at intervals of about a week 
and at the time of harvest in June, the yield of fruit 
per panicle averages to 0.38. In the case of Alphonso 
at Ratnagiri, the percentage of perfect flowers 
ca[)ahlc of developing into fruits ranges from zero 
to 55, the average being 10. 'The yield of fruit per 
panicle works out to 0.15 0.20 (Burns & Prayag, 
loc. cit. ; Singh, 42-43 ; Maheshwari, Curr. ScL, 
1934-35, 97 ’ Chandler, 332 ; f.eafl. Dep. Agric. 

Bombay, No. 6, 1930 ; Wagle, Mem. Dep. Agric. 
India, Hot., 1928, 15 , 219; Musahib-Ud-Din, Punjab 
Fr. /., 1946, 10, 30 ; Musahih-Ud-l)in ik Dinsa, ibid., 
1946, 10, 35). 

In Neclum of South India, which is known for its 
heavy and regular cropping, perfect flowers form 
i6'o of the total. In Allumpur Baneshan and 
Jclunigir, the percentage is as low as 3 and i : these 
types are known to bear extremely small crops in 
.spite of their producing heavy bloom. Observations 
on different varieties in various parts of the world, 
indicate that types with less than 10' n perfect flowers 
are by nature shy bearers. The shy bearing tendency 
can be overcome by hybridization with high yield- 
ing varieties. At the Fruit Research Station. Kodur 
(Andhra State), two such strains have heen evolved, 
viz. K.O, 7/5, a cross between liimayuddin (Imam 
Pasand), a choice cpiality but shy bearing type and 
the prolific regular cropping Neclum, and K.O. 
n 1 13, a cross between Jehangir (male) and Suvarna- 
rekha (female) (Naik, 180 : Naik & Gangolly, 25). 

Alternate bearing — Mango trees below 10 years 
generally bear regular annual crops, but trees which 
arc older show more or less rhythmic habits of pro- 
ducing profuse blossoms and sparse vegetative 
growth in one year and profuse vegetative growth 
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and sparse blossoms in the next. The season yield- 
in^j; a heavy crop is called the ‘on’ year and the 
season of lean or poor crop is called the ‘off’ year. This 
alternate hearing goes on until some adverse weather 
condition or a serious disease or pest upsets it. In 
closely spaced and neglected plantations of old trees, 
to which usually no cultivation is given, a heavy 
crop is obtained only once in five years, the interven- 
ing crops being fair and poor alternately ; in some 
years, the trees fail to hear any crop at all. Some- 
times, flowering even in ‘on’ years is not distributed 
e(|ually over all parts of the crown ; a large branch 
may he in its non-hearing phase while others are 
hearing. While most mango types in India are 
biennial hearers, there are a few, like the Nccliini, 
which hear heavy crops every year. Regular hearing 
clones are also reported from Saharanpur ((iandhi, 
loc. cit. : Naik, 178 : Singh, llnrl. Adv., 1957, 7 ; 

Singh, 59). 

iMivironinental conditions, such as climate, soil 
moisture, cultivation, pests and diseases, may accen- 
tuate or diminish the amplitude of alternation. 
Generally, trees growing in rich soils and in half 
shady situations and those receiving abundant irriga- 
tion and excessive (|uantities of nitrogenous manures 
put forth vigorous vegetative growth and do not 
flower. Such trees can he made fruitful by exposing 
the crowns to full sunlight, withholding irrigation 
during the dry season and by stopping supplies of 
nitrogenous manures. Further, applying common 
salt at the rate of 10--25 Ih. per tree above 15 years 
in age, in trenches 30 cm. wide and 30 cm. deep 
inhibits vegetative growth and induces flowering. 
Another method of forcing blossoms in over- 
vegetative trees is to girdle branches 15-22 cm. 
thick. By removing a strip of hark, 12 mm. wide, 
around the base, a little above the point where it 
joins another branch, greater (|iianiilies of carbo- 
hydrates are stored in the portion of the branch 
above the ring and the carbohydrate nitrogen ratio 
becomes more favourable for producing blossoms. 
Girdling should be done in August or early Septem- 
ber, well before the blossom biul differentiation takes 
place ((Gandhi, loc. cit.: Naik, 176: Mallik, Indiau 
/. Horl., 1951, 8 , I : Singh, 68-71). 

Close attention to orchard management, particular- 
ly with respect to manuring and irrigation, thinning 
of blossoms and pruning and girdling of shoots 
have helped in securing reasonably small crops in 
‘off’ years. In Punjab, the removal of half the number 
of flo\ver clusters from heavily laden trees in the 


‘on’ year has been found to stimulate vegetative 
growth in spring and summer ; a moderate crop is 
thus secured in the following year, which would have 
been otherwise an ‘off’ year. Deblossoming, however, 
has not proved helpful under all conditions and with 
all types of mango ; it is risky in the case of shy 
bearing types and in areas where strong desiccating 
winds or storms are likely to cause severe shedding 
of fruits. The only solution for obtaining annual 
crops is to breed types which are regidar bearers. 
Promising new strains have been evolved by crossing 
biennial bearing varieties with those that tend to 
bear heavy crops annually at Sabour (Bihar) and at 
Saharanpur (U.P.) |Sen, Indian /. //or/., 1943, 1 , 48 ; 
Indian Fmg, 1944, 5 , 408 : (iarg, Indian Ilort., 
19^8-59, 3(4), 27 : Singh & Khan, Indian J. ogr/V. 
.Sc/., 1939, 9 , 835 : Singh, 7o|. 

Diseases and Pests 

Diseases — ^^I’he more serious diseases of mango are 
powdery mildew, anthracnose and bunchy top. 

Powdery mildew, caused by Oidium inan^i ferae 
Bcrthei. affects blossoms in North, West and South 
India. The fungus feeds on the outer cells of flowers 
and young fruits which dry up and drop down. 
Losses due to mildew up to 20V0 of the total crop 
have been reported. The spread of the disease is 
favoured by rains during the flowering season. Dust- 
ing with sulphur thrice at intervals of 15 days, com- 
mencing with the emergence of inflorescence, affords 
effective control. Spraying Guesarol 405-50 contain- 
ing 5‘ o DDT and 50*;.. sulphur gives good results in 
controlling both mildew and jassid hoppers (Cheema 
et aL, 1 19: Naik, 189: Gangolly et al., 498: Singh, 
279 : Gandhi, loc. cit.). 

Aniliracnose, caused by Colletotriehum g/oco- 
sjyorioides Pen/., is a serious disease in moist climates. 
It is prevalent particularly in Madras, Kerala and 
Assam. Dark blister-like spots appear on young twigs, 
leaves and blossoms : young fruits may be shed and 
skin of mature fruits gets disfigured by black spots ; 
the pulp beneath the skin gets hard. The disease is 
controlled by spraying Bordeaux mixture 2-3 times 
during the fortnight preceding the opening of 
blossoms and also at intervals of 3 4 months during 
dry periods. Spraying with fish oil rosin soap in 
combination with starch is also recommended 
(Cheema el ai, 123; Naik, 190: Gandhi, loc. cit.; 
Gangolly el al., 499^; Singh, 267-70). 

Bunchy top or abnormal inflorescence is a common 
malady, for which the causal organism has not been 
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identified with any certainty. The flowers become 
crowded on short thick stems and develop elongated 
discs : they seldom set fruit. The malady is wide- 
s|)reatl, hut it is particularly serious in the hot plains 
of North India. A mite Eriophyes has been found 
to he associated with the malformation in Poona : 
eradication of infected shoots in four successive years 
resulted in the disappearance of the disease. Two 
other mites Tyrophagits castcllanii Hirst and Typhlo- 
(Iromus asiaticus Evans have also been reported. The 
only preventive measure is to remove and burn affect- 
ed inflorescences as soon as they a|)pear (Cheema 
rl (d., 124: (iangolly ct al., 5(X) ; Sat tar, Punjab Fr. 

1946, 10 , 56 : Narasimhan, Curr. ScL, 1954, 23 , 
297 : 1959. 28 , 254 ; Singh, ibid., 1955, * Singh, 

xwmY 

Black tip or necrosis is a disease of the fruits often 
noticed in trees growing in the vicinity of brick kilns. 
Affected fruits show black spots at the distal end 
and fall down before reaching maturity. Different 
types show varying degrees of damage. The disease 
is attributed to the presence of poisonous ingredients 
in the fumes from brick kilns, ft has been recom- 
mended that new orchards should not he planted 
within a mile of brick kilns and kilns near established 
orchards should not he operated during the fruiting 
.season (Gangolly ct ah, 501-02 : Gandhi, loc. cit. : 
Sen, Indian J. agric. Sci., 1945, 13 , 300 : Pal ct 
ai, Proc. Indian Sci. Congr., 1937, pt III, 270 : 
Ranjan & jha, Proc. Indian Acad. Sci., 1940, I IB, 
267 ; Das Gupta ct al., Curr. Sci., 1950, 19 , 153 : 
Singh, 271). 

Among other diseases of mango mention may he 
m.'ule of fruit rot caused by A.spcrgillus niger van 
"J'iegh., sooty mould caused by Capnodiutn raniosum 
Cooke aiul soft rot caused by Bacterium carolovorus. 
Parasitic fungi causing damage to stems, branches 
and leaves include: Fames conc/ialus (Pers.) Gillet 
(white sap and heart spongy rot), Ganoderma appla- 
Ufilinn (Pers.) Pat. (white rot), Hexagonia discopoda 
Pat. & liar, (white sap ami heart rot), Pcstalotia 
mangi ferae P. Ilenn. (grey blight), Pliyllosticta mor- 
toni Fair, and Pliysalospora rliodina (Berk. & Curtis) 
Cooke (leaf blight), Polyporus gilvus Schwein. (white 
pocket rot), Polystictus persooni Fr. (white spongy 
rot), Schizopliyllum aincum (L.) Schroet. (.sap rot) 
and Rhinocladium corticolum Mass, (black hark). 
Red-rust, caused by Ccphalcttros mycoidca G. Karst., 
has also been recorded in Uttar ^h*adesh, Bihar and 
Mysoie (Verma & Kamal, Curr. Sci., 1951, 20 , 68 ; 
Patel & Padhye, Indian Phytopatfi., 1948, 1 , 127 : 


Patel ci al.. Cur. Sci., 1948, 17 , 189 ; Indian J. agric. 
Sci., 1950. 20 , 125 ; Singh, 282). 

Two or three species of Lorantlius commonly infest 
mango trees and cause considerable damage, some- 
times killing entire branches. The seeds of the para- 
site are dispersed by birds. Removal of the parasite 
by cutting off infested portions with a hand saw and 
[)ainting the wound with tar is the only method of 
control (Cheema ct at., 123-24 ; Singh, 335, 343). 

Pests Jassid hopper {Idioccrus spp.) is the most 
serious pest of mango blossoms all over India. Three 
species of hoppers, vi/. /. atkinsonii I^eth., I. nivco- 
sparsus Leth. and I. clypcalis Leth., arc known. The 
first is found mainly on the trunk and branches, 
while the other two are common on leaves and |)ani- 
cles. Of the.se, /. clypcalis is the smallest and the most 
troublesome in Konkan and Karuatak. Nymphs and 
adults suck the sap of flowers and young fruits drop 
prematurely ; they also .secrete a sticky substance on 
which black sooty moulds, Dimerosporium mangi- 
ferum Sacc. syn. Capnodium mangiferum Cooke & 
Br. and C. ramosum Cooke develop covering the 
entire foliage and inflorescence. Spraying with crude 
oil emulsion, fish oil .soap, fi.sh oil rosin soap and 
tobacco decoction have been tried as control 
measures. Repeated dusting with sulphur at fortnight 
intervals commencing with the emergence of inflores- 
cence has proved effective. S|)raying with DDT is 
effective, hut it is not advisable to use it alone as it 
favours the appearance of mites by killing its pre- 
dators. Dusting with DDT and sulphur is tlierefore 
recommended. In the moist climate of West Bengal, 
spraying with Pesiox-III in 4V, » concentration has 
proved beneficial [Ramakrishna Ayyar, 283-85; 
Hayes, 152; Cheema ct at., 118-19 ; Singh, 293-95; 
Uppal Ik Wagle, Indian Fmg, 1944, 5 , 401 ; Usman, 
Mysore agric. J., 1951, 26 , 64 ; Sod hi & Batra, Indian 
Fmg, 1950, 11 , 158 : Latif & Qayyum, Punjab Fr. /., 
1950, 14(49), ’ Gandhi, loc. cit. ; De & Dutta, Indian 

j. Hort., 1955, 12 , 165]. 

'Fhe grub of the mango stem borer (Batoccra 
rufomaculata Dc Geer) tunnels into the bark and 
feeds on live inner tissue. The borer may be killed 
by inserting a rod or wire into the tunnel or by 
syringing a mixture of chloroform and creo.sote and 
plugging the hole with wet clay (Ramakrishna 
Ayyar, 286-87; Naik, 1958, 59; Singh. 316). 

I’he more serious leaf eating and shoot boring 
caterpillars of mango are Parasa Icpida G., Chiu- 
metia transversa Wlk. and Orthaga cxvinacea M. 
They can be controlled by spraying DDT water 
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suspension (0.2- 0.3%) prepared from Gucsarol 550 
wettablc powder and wetrahle sulphur. Treatment 
with BHC is also said to be clTcctivc (Ramakrishna 
Ayyar, 288-</> ; Gandhi, loc. cit. ; Naik, 1958, 59). 

Fruit flies belonging to Dacus ferrugincus Febr., 
D, zonatus Saund. and a few other species attack 
mango fruits. Tlie flies lay eggs under the rind of 
matured fruits which develop into white wriggling 
maggots. The only method of control is to destroy 
the alTected fruits. There are live or six broods of the 
insect during the ripening season and com])lete des- 
truction of the first brood is important. Raking of 
soil around the tree helps in destroying pupae. 
Poisoned baits containing sugar, lead arsenate and 
water are recommended to attract and kill flics before 
they lay eggs (Rahman, Punjab Fr, 1946, 10 , 52 ; 
Parsons, 'Prop, Agriculturist, 1931, 76 , 199: Hayes. 
■ 54-55 Naik, 187). 

Stone weevils, Cryptorrhyucinis gravis Fahr. and 
C. mangifcrac Fahr., affect fruits of some varieties ; 
the former is found in eastern Bengal and tlie latter, 
in S. India. The weevils lay eggs in the young fruit 
and grubs find their way into the seed, j)assing the 
remainder of their lives inside the stone, changing 
into pupae and finally into weevils. When the fruit 
is ripe, they burrow their way out and spoil the pulp 
adjacent to the stone. There is no external sign of 
injury to the fruit. 'I'he Bangainra (Tutapuri) of 
South India is the most susceptible to this pest. As a 
control measure, affected stones are burned to destroy 
the weevil (Hayes, 156 57 ; Gandhi, loc. cit. ; 
Singh, 319). 

Scale insects, like Aspidiottis destructor S., Lcucas- 
pis iudica and Pulvittaria psidii M., are known to 
attack tender branches and leaves and suck the saj). 
Hard scales may he killed by spraying rosin com- 
poiinds ; soft scales and mealy hugs are checked by 
washes of crude oil emulsion, lish oil soap. etc. 
Spraying Folidol is also effective (Ramakrishna 
Ayyar, 2(^4 96 ; Naik, 1958, 59). 

Mealy hugs, Plicnacoccus mangifcrac G. and 
Drosicha stchbingi Green, sometimes inlest mango 
trees covering fruits, tender leaves and shoots. 
Banding trees with greased hands and trap])ing 
nymphs as they crawl up the trunks have proved 
effective in controlling the bugs in Uttar Pradesh 
(Rahman & Latif, Bull. cut. Res., i(;44, 35 , 197 : 
Singh, 298). 

Red ants (Occoplivlla smaragdma Fahr.) though 
not directly injurious, act as distributing agents of 
noxious scales and mealy hugs from tree to tree. 


They are destroyed by dusting with Gammexane and 
sulphur (Ramakrishna Ayyar, 296 ; Gandhi, loc. cit. ; 
Naik, 189). 

Hakvkst .\.\i) YiF.i.n 

Grafted mango trees begin to hear fruit from the 
fourth year onwards. 'I'he yield is low to start with. 
10-15 It'tiits per tree, rising to 50-75 fruits in the sixth 
year and to 3(X)-5()o in its tenth year. Trees which 
are 20 40 years in age, yield a crop of 1,000-3,000 
fruits in ‘on’ years : the yield usually declines after 
forty years. In the uncultivated orchards of Konkan, 
yield of Alplionso from trees 20-30 years in age ave- 
rages to 200-30^) fruits per tree ; in well cared 
orchards, the yield is as high as 5 ,(K)o fruits, for 
varieties like Langra, Duscliri, Pairi, Nccluni, Banga- 
lora, Suvarnarcklia and Bancslian, the yields vary 
from 800-3.000 fruits j)cr tree per ‘on’ year. The 
yield from shy hearing types, like fcliangir, does not 
exceed 250 fruits (Naik, 182 ; Gandhi, loc. l it. ; 
Gangollv ct ah, 483). 

Mango is harvested in Konkan from April to 
May, whereas in the Heccan and wSouth (hijarat, the 
harvest begins in May and continues till June. In 
South India, the harvest season opens with Olour 
mangoes in February or March and is at its height 
in April and May. In coastal Andhra, the harvest 
lasts from April to July and in Rayalaseema and 
Mysore, it extends over a period of four months, 
from May tcj August. In Bihar, Uttar Pradesh and 
other |)arts of North India, the harvest season lasts 
from early June to late August (Gandhi, loc. cit. : 
Marketing of Mangoes in India, Agric. Marketing 
Ser., No. 77, 1958, 19-22). 

The mango takes about five months from the time 
of flowering to mature and ripen. I'ruits are plucked 
from the tree when they are yet hard and green ; if 
left on the tree till ripe, they are likely to he eaten by 
birds. It is generally believed that when a few .semi- 
ripe fruits begin to fall naturally from the tree, the 
crop is mature enough for |)icking. f’ruits are picked 
in several in.staltnents at fre(|uent intervals. A 
bamboo pole harvester is often used to pick 
mango fruits without bruising the skin. This ap- 
pliance varies in details from place to place 
(Gandhi, loc. cit. ; Marketing of Mangoes in India, 
195S, 66-67). 

R/ 7 )c/////g- Mangoes undergo a process of artificial 
ripening before .selling. Some amount of ripening 
takes place during transport when sent to distant 
markets. Usually retail merchants ripen the fruits in 
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closed, iMif well ventilated, store houses. The fruits 
arc placed in single layers over paddy straw or wheat 
hhusa, spread three to four inches thick on the floor 
of the house. Sometimes two or three layers arc huilt 
up. one above the other separated hy c. 2 in. of straw. 
Fruits thus kept turn yellow and heconic slightly 
soft within a week’s time. Ripening of fruits at 
67-70“!". under temperature control is reported to im- 
prove the percentage of total soluble solids, reduce 
acidity and ensure better ascorbic acid retention 
[Marketing of Mangoes in India, 195S, 67-68 ; Singh 
& Mathur, Hull, cent. Fd tcchnol. Res. Inst., Mysore, 

' 952-53- 2* 14)- 

Marketing -Flie crop is sold in advance hy grow- 
ers to commission agents or contractors. The latter 
in fixing the price, take into consideration the risk of 
failure or damage to crops. hy adverse weather condi- 
tions. In recent years, a number of growers’ co-opera- 
tive associations have been started and transport and 
marketing are organized hy the associations [Market- 
ing of Maiigoes in India, 1958, 125). 

Packing and grad nig Mangoes are packed in 
baskets, boxes or crates for transport to distant 
markets : if the markets are close, they may he sent 
loose in bullock carts. Cylindrical or semi-spherical 
bamboo baskets, holding 50-100 fruits are generally 
used for packing mangoes all over India. For pack- 
ing superior varieties, wooden crates, 60 cm. x 50 cm. 
X 50 cm., holding about too fruits arc used. The fruits 
are packed between layers of rice straw or any kind 
of soft dry grass. For overseas export of Alphofiso, 
under cold storage, crates measuring 45 cm. X25 cm. 
X 1 1.2 cm. each and holding one dozen fruits in a 
single layer, are convenient : individual fruits are 
wrapped in tissue paper and held in position hy 
wood wool packing (Gandhi, loc. cit. ; Marketing of 
Mangoes in India, 1958, 68-74 : Singh, 555). 

The majority of growers pack large sized, attract- 
ive fruits on the top and small, diseased or damaged 
fruits at the bottom of the basket. Ffforts have been 
made in Romhay, Hihar, Madras and Uttar Pradesh, 
to grade and mark choice types, according to stan- 
dard sizes and (|uality prescribed under the Agricul- 
tural Produce (Marking & Grading) Act. 1937. The 
number of grades varies. Often they are sorted 
according to size and stage of maturity as judged hy 
the eye : a few growers sort fruits hy passing them 
through circular holes of varying diameters. Fruits 
intended for export are selected : grade designations 
and definition of cjuality have been prescribed for 
choice types, like Alplionso, Bangalora and Dusehri 


[Marketing of Mangoes in India, 19^8, 75-79, appx, 
XXrX a-c). 

Most dessert varieties of mango do not keep for 
more than a week after ripening. Alplionso keeps 
in wholesome condition for 2 weeks and Bangalora 
keeps for 4 weeks. Other well-known good keepers 
are Ncelinn and Rumani from Madras, Baneshan 
from Andhra and Dusehri from U.P. (Gandhi, loc. 
cit.). 

Storage — Cold storage facilities arc available in 
important consuming centres for preserving mangoes 
for short periods. Green mature fruits have good 
storage life ; fruits ripened on the tree are unsuitahle 
for storage. Studies on refrigerated preservation of 28 
types of mangoes from dilferent States have shown 
tliat only certain types are suitable for storage. 
Bombay Alplionso keeps well for 6-7 weeks at 45”F. 
and 4 weeks at 52°F. The storage life of some Mysore- 
grown mangoes (green mature) are as follows (opt. 
R. H. 85 9o';n): seedling mangoes, 42 days (42-5o“F.) : 
Pairi [Raspuri), 42 days (42-45" F.) : and Alplionso 
[Badatni), 28 days (47-50“ F.) [Marketing of Mangoes 
in India, 1958, 85-89 ; Cheema et al., Indian J. agric. 
Sci., 1950, 20, 259 ; Mathur et al., ibid., 1953, 23, 65). 

During storage, a large number of fungi infect 
fruits and cause sometimes serious losses. Of these 
the common one is Colletolricliuni gloeosporioides 
which causes a lateral rot of fruits. The disease 
appears in the form of profuse anthracnose spot tings 
at storage temperatures of 47-50"!". and 52 55“k\, 
rendering the fruits tmmarketahle. Spraying with 
Bordeaux mixture as recommended for anthracnose 
can considerably reduce damage. Disinfection of 
fruits before storage with various agents have not 
proved elfectivc (Singh, 286). 

CoNirOSITION AND UsES 

Tile mango fruit is one of the most highly prized 
dessert fruits f)f the tropics. It has a rich, luscious, 
aromatic flavour and a delicious taste in which 
sweetness and acidity are delightfully hlendcil. 
Young and unripe fruits are usually acidic and used 
in pickles, chutney, amchur and culinary prepara- 
tions. Ripe fruits arc preserved hy canning or used in 
the manufacture of juice and s(|uash, jams and 
jellies, preserves (murraha) and am papar. 

Analysis of the flesh of Indian mangoes gave the 
following average values: green mango — moisture, 
90.0; protein, 0.7: fat, o.i ; carbohydrates, 8.8: 
mineral matter, 0.4 : calcium, 0.0 1 : and phosphorus, 
o.o2'*u ; iron, 4.5 mg./ 100 g. ; carotene (as vitamin A), 
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150 i.ii. : riboflavin, /*K* ' ascorbic at id, 

3 nig./inn g. ; ripe moisture, 86.1 : protein, 

0 . 6 ; i’at, o.i ; carbohydrates. 11.8 ; libre, i.i ; mineral 
matter, 0.3 ; calcium, 0.01 ; and phosphorus. 0 . 02 Vn ; 
iron, 0.3 mg./ioo g. : carotene (as vitamin A), 
4,800 i.ii. ; nicotinic acid, 0.3 mg. ; rihoflavin, 50 /*g. ; 
and ascorbic acid, 13 mg ./ 100 g. The sugar and acid 
contents vary widely with variety and stage of matu- 
rity (Table 4 ). Table 5 gives /?H, sugar and /i-caroieiie 
contents of pulps of some varieties of ripe mango 
{tilth Bttli, No. 23 , 1951 , 46 : C'heema ct al., Indian 
/. agric, Sci., 1950 , 20, 259 ). 

Sucrose, glucose atul fructose are the principal 
carbohydrates present in ripe mango ; maltose is also 
present. Analyses of 22 varieties of ripe fruits from 
dillcrent States gave the following values: total 
sugars, 11 . 20 - 16 . 80 ; reducing sugars, 1 . 40 - 4 .S 3 ; and 
non-reducing sugars, 8 . 19 - 13 . 81 ".,: a sample of 
Nilanihri mango contained 20 . 5 " , total sugars. Small 


amounts of cellulose, hemicelluloses and pectins 
are |)resent. The green tender fruit is rich in starch ; 
during ripening, the starch is hydrolysed into re- 
ducing sugars and a part of the latter is synthesized 
into sucrose. In the post-ripening stage sucrose tlecom- 
poses into reducing sugars (Srivastava, /. sci. indust r. 
Res., 1953 , 12B, 363 : Cheema ei a!,, loc. cit. ; Nandi, 
Sci, & Cult., 1957 58 , 23, 618 : Leley cl ai, Indian J. 
at^ric. Sci., 1943 , 13, 291 ). 

Unripe, fully developed mangoes of pickling varie- 
ties contain citric, malic, oxalic, succinu- and two 
unident ilied acids (probably di- or tri-basic acids) : 
citric acid is the dominant constituent. As the fruit 
ripens, the acidity gradually decreases with a steep 
fall at the ripe stage. Analyses of 22 varieties of 
mangoes frotn different parts of India showed that 
the acid content (as malic acid) ranged from 0.67 
3 . 66 ". in green fruits and 0.18 0 . 56 ",, in ripe fruits 
(C'heema et ai, loc. cit. ; Singh, 364 ; Giri ct al., J. 


TABIE 4 -SllGAH AND ACID CONTENTS Or GREEN AND RIPE I RIJITS 

OF .SOME MANGO 

VARlETUiS' 





f Irecn 


Kipe 


N’.'irifly 

Place of 
orij^iii 

Kediit'ing Ntni-re- Acitliiyl Kediicin^ 

sugars diicing sugars 

sugars 

Non-re- 

ducing 

sugars 

... ^ 

Acidity f 

tt' 

Siiv.’iriirircklia 

Dohtiili 

3.4.1 

1 .07 t ..S(t 

.v9S 

10.04 

0..%0 

Eaiii 

Poona 

I..t5 

0.91 2.75 

2.12 

10.15 

0.40 

n.'inj;aiip;illi 

Aianianda 

4.U) 

3.94 O.SO 

2.80 

11.10 

0.20 

l.imKr;i 

Salxnir 

3.39 

2..^« 0.07 

2 ..V» 

13.81 

0.22 

/aritaiii 

Salxxir 



3.83 

9.77 

0.20 

Fa/ri /a Irani 

Saharanpnr 

2.31 

2.04 1.03 

2.48 

9.37 

0 ..S 0 

Atphnnsn 

Katna^iri 

I.4I 

1.13 2.54 

3.23 

9.08 

0.18 

AI|)lionsn 

P(M>na 

t.ts 

0,9S 2.51 

I.S2 

11.32 

0.27 

* Cllicrnia rl at., Imtidn /. ai^ric. Sri., I9.M1. 

^ As inatie acid. 

20, 259. 






TABI E 5-ANAIASlS OF PUl PS OF SOME VARIETII-S 

01 RIPE MANGOS 



Variety 

Moisture 

Glut ose 

Fnn lose 

Sucrose 

/'J 

Carotene 

/ig. too g. 

/dl 

Hadaini (Alplinnso) 

8 t). 6 S 

3.10 

4.83 

8.51 

.s, 0 l 0 

4.01 

Kaspiiri (P;iiri) 

S2.06 

2.34 

3.84 

9.02 

3,801 

4.99 

T'ot a pu r i ( Da n^.alora ) 

S.C(t 2 

1 .09 

3.99 

8.88 

1,831 

4.20 

Neetiiin 

81.10 

2.21 

4.78 

0.07 

2,081 

4.04 

Patti ri 

79.54 

1.00 

2.57 

I2..0) 

4,098 

3.92 

Safeda l.iickiiow 

7S.6.$ 

3.41 

2.04 . 

9.26 

1,183 

4.30 

Safeda Maliha1)ad 

75.43 

4.32 

1.M) 

I0..S0 

2,090 

4.28 

Diiseliri 

78.00 

1.91 

3.04 

1 2.58 

2,297 

4.60 

*(Jirdliari Gal et at.. Food Sci., 1960, 9 , 12 

1. 






279 



MAMGIFERA 


Indian Inst. Sci., 1953, 35 A, 93 ; Jain rl al.. Food Set., 
* 959 ’ * *5 • Wahhal) & Khan, Pakisl. ]. set. Res., 

1954, 6 , 124). 

The amino acids present in ihe non-protein nitro- 
gen fraetion of ihe mango fruit arc: aspartic acid, 
giiitamic acid, alanine, glycine, methionine, leucines 
and possibly cystine and y-amino-l)utyric acid 
(Govindarajan & Sreenivasaya, Cnrr. SeL, 1950, 19, 
-.K); 

Ripe fruits constitute a rich source of vitamin A ; 
some varieiies contain Tairly good amounts of vita- 
min C also. The vitamin A content varies widely 
with variety and stage of maturity ; the following 
are tlie values recorded for ripe fruits of some 
important varieties: Alp/ionso (Bombay), loi.i ; 
Safeda (Bombay), 16.6; Ttttapnri (Bombay), 17.8; 
Malda (Bombay), 7.2 : Langra (Varanasi), 32.2 ; 
Langra (Calcutta), 24.0: Dnsehri (Lucknow), 51.5; 
Fazli (C Calcutta), 45.3; Cliansa, 16.0: Seliroli, 179.5: 
Desi (Delhi), 10.6 ; Badanii (Mysore), 100.9 : Raspuri 
(Mysore), 78.8 ; Neel uni (Mysore), 39.4 ; A/tz/go^z 
(Mysore), 28. 1 ; Rntnani (Chittoor), 17.1 ; and 
Kalcpad (Chittoor), 55.1 i.u./g. : the highest value 
(259.4 been recorded for Mankurad 

mango from Goa (Sadana (S: Ahmad, /. set. induslr. 
Res., 1949. 8B, 35 : Indian j. mcd. Res., 1946, 34, 69 ; 
Siddappa Bhatia, /. sei. induslr. Res., 1956, 15C, 
118 : Bull. eent. Fd teehnol. Res. Inst., Mysore, 1955- 
56, 5, 236 : Rep. Dep. Nutr. Covl. Bombay, ^957^ -6). 

Analysis of mangoes (from Bombay) gave the fol- 
lowing ranges of vitamin (other than vitamin A) 
values: tliiamine, 40.82 130.50 /*g. ; rihoHavin, ^>9.39- 
198.20 /tg. ; niacin, 1.38 mg. : and ascorbic acid, 
4.3,8 39.96 mg./ 100 g. The ascorbic acid content of 
mangoes from dilfercnt parts of India varied from 
13.2-80.3 mg./HX) g. Ripe Lan^ra is exceptionally 
rich in ascorbic acid (176 mg./ 100 g.) ; the acid is 
concentrated in the peel and the llcsh adhering to it, 
and it is highest at the green mature stage. Mango is 
a poor source of folii acid (Rep. Dep. Nutr. Covt. 
Bombay, 1957, 26 ; Singh, 365 ; Nandi, loc. cit. ; 
Wahhah Khan, loc. (it. : Spencer et al.. Plant 
Physiol., 0)56, 31, 79: Asenjo el al.. Food Res., 1950, 
15, 326). 

/^Carotene and xanihophyll are the principal pig- 
ments present in ripe mango ; neo-/Lcarotene U and 
neo-/i-carotene B arc present in small amounts ; neo- 
xanihophyll is present only in a few varieties. Ana- 
lyses of 9 varieties of ripe mango showed that the 
mial pigment content varied from 10.0 to 164.9 
/ig./g. : the maximum value was found in Seliroli, 


which contained: xanthophyll, 42.1 ; jS-carotClic, 
96.3 ; neo-/i-carotene U, 7.3 ; and neo-/i-carotenc B, 
19.2 /*g./g* concentration of carotenoid pig- 

ments increases during ripening ; the rate of increase 
of / 3 -carotene is greater than that of others and an 
average-si/ed mango may synthesize as much as 
1,200 /Ag. of / 3 -carotene in a day. The rate of increase 
during ripening is influenced hy temperature, 
although the maximum values arc not appreciably 
altered. Kx|)osure of mature fruits to ultraviolet light 
appears to increase the total carotenoid content (in- 
cluding the max. value) (Sadana & Ahmad, /. sci. 
induslr. Res., 1949, 8B, 35 : Indian J. med. Res., 1949, 
37, i(;3 ; Chaudhary, /. Sei. Fd Afrrie., 1950, 1, 173). 

Catalase and peroxidase are the principal enzymes 
of mango : their activity is maximum at full deve- 
lopment, e. 1 15 days after fruit setting (Banerjee & 
Kar, Curr. Sei., 1941, 10 , 28(9). 

U’he fruit is a rich source of potassium. Analysis of 
pulp ash (ash content, 0.53';.,) gave the following 
values: potassium (KoO), 47.37: calcium (CaO), 
6.38: magnesium (MgO), 1.62; phosphorus (PaC)..), 
6.49 ; sulphur (S().,), 3.67 ; and chlorine, 3.88';,.. 
Cop|)er (1.9 /Ag./g.) and iodine (16 /eg./kg.) are present 
in tile ripe fruit. Phytin is also present (Winton & 
Winion, II, 732 ; Bagchi (^howdhiiry, Ann. Bio- 
ehem., 1949, 9, 107 ; Patnaik, Indian J. med. Res., 
1934, 22, 24(;). 

Ripe mango fruit is considered invigorating, re- 
freshing and fattening. The juice, along with aroma- 
tics, is recommended as a restorative tonic. It con- 
tains vitamins A and C and is useful in heat 
apoplexy. 

Leaves — 'render mango leaves (mango tops) are 
con.^umed as vegetable in Java and Philippines. 1 'hey 
are a good source of ascorbic acid. Analysis of mango 
tops gave the following values : moisture, 78.2 ; 
protein, 3.0 : fat, 0.4 ; total carbohydrates, 16.5 ; 
fibre, 1.6: and ash, 1.9';.,: calcium, 29 mg.; phos- 
phorus, 72 mg. : and iron, 6.2 mg./ too g. ; carotene 
(as vitamin A), 1,4(90 i.u. : thiamine, 0.04 mg. ; ribo- 
flavin, 0.06 mg. : niacin, 2.2 mg. ; and ascorliic acid, 
53 mg./ too g. Mature mango leaves arc used as 
cattle fodder in times of scarcity. 'Phey contain (dry 
basis): crude protein, 7.8 : ether extr., 3.8; N-frcc 
extr., 54.0; fibre, 21.1 ; ash, 13.3 ; phosjihoriis (PaO.,), 
0.38 : and calcium (CaO), 2.(93%. The leaves contain 
the glucoside mangiferine (C,.,HisO,,, m.p. 280-81° 
decomp.) ; cows feeding on mango leaves excrete in 
the urine, euxanthic acid (C,.,H|(.0|n. ni.p. 162°) which 
is yellow in colour and is derived from the glucoside. 
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Prolonged feeding of leavesi may result in the death 
of the animals. The leaves, when crushed, emit an 
aroma which is a blend of turpentiny and fruity 
odours. Distillation of leaves gave o.iVo <>f a viscous, 
dark red, volatile oil (vSp. gr.-‘‘\ i.(K)2 ; /i*"', 1.505), 
soluble with turbidity in 1.5 vol. of So'/o alcohol 
|BurkilL 11, 1405; Handb. Inst. Nutr. Philipp., 
No. I, 1957, 24 ; Patel & Patel, Indian /. agrk. Sci., 
1957, 27, 307 ; Mayer ^ C'ook, 246-47 : Clicm. Abstr., 
1959, 53, 2 1915 ; Krishna & Badhwar, /. sci. ijidnslr. 
Res., 1948, 7(io), suppl., 141 : Dhingra, 45]. 

The ash of burnt leaves is a household remedy 
for burns and scalds. The leaves are masticated to 
give tone to the gums. Fumes from the burning 
leaves are inhaled for relief from hiccups and alfec- 
tions of the tliroat (Kirt. & Basil, I, 653-54; Dastur, 
Medicinal Plants, 152 53). 

Blossoms — The air-dried blossoms contain 15',’., 
tannin (as gallotannic acid). Gallic acid can be 
extracted in 9V0 yield by treating aiiueous extracts of 
blossoms with Aspergillus niger. 'I’wo light yellow, 
crystalline substances (m.p. 244° and 266^), which are 
|)robably llavones, have been isolated from alcoholic 
extracts of blossoms (Bose & Siddicpii, /. sci. industr. 
Res., 1948. 7B, HX)). 

The fragrant flowers were formerly used in pre- 
paring an otto. A})! Altar. On steam-distillation, the 
llowers yield 0.04V,, of a pale brownish essential oil 
having the following characteristics: 0.779: 

, *4834 : laj";’ . f9” • itcid val., 3.9 : and ester val., 
27.6. It contains 2-octene, a- and /i-pinene, a-phellaii- 
drene, limonene, dipentene, nerol, geraniol, neryl 
acetate, citroncllal, a sescjuiterpenc alcohol named 
niangiferol (Ci,H2,iO) and a ses(|uiterpenc ketone 
(CiJIaaO) (Krishna & Badhwar, loc. cit. : Baslas, 
Perfum. essent. OH Rec., 1961, 52, 156). 

Dried mango flowers are astringent. 'They are given 
for diarrhoea, chronic dysentery, catarrh of the 
bladder and gleet (Kirt. & Basu, 1, 653-54: Dastur. 
Medicinal Plants, 152-53). 

Bark — ^^riie bark of the mango tree contains tannin 
(16- 20 Vo) and may be used for tanning purposes : it 
contains resinous matter. The hark yields a colouring 
matter which produces heautifiil, though light, yellow 
shades on cotton, silk and wool : in conjunction with 
turmeric and lime, the bark dyes cotton a bright 
rose-pink. Mangiferine has been isolated from the 
bark. The bark is astringent ; it is used in diphtheria 
and rheumatism ; it is Ix'lieved to possess a tonic 
action on the mucous membrane (Howes, 1953 . 281 ; 
Clicm. Abstr., 1959 , 53, 22264). 


(hnn — Tlie stem exiules a gum resin which is .sold 
in Indian bazaars and used as a substitute for gum 
arabic. It has a dull fracture and a reddish brown 
colour. It is partly soluble in water. Analysis of 
mango gum gave the following values: moisture, 4; 
resin, 79; gum, 15: and ash, 2%: metboxyl index, 

18. Furfurol is obtained in 1.8",, yield by distilling 
the gum with dil. hydrochloric acid. The gum is used 
in dressings for cracked feet and for scabies. It is also 
n)nsidered anti-syphilitic (Howes, 1949, 58 : Krishna 
& Badhwar, loc. cit. : Janoi ^ Gonnard. Bull. Sci. 
pharm., 1938, 45, 396 : Mathur Ik Banerjee, J. sci. 
industr. Res., 1956, 15A, 571). 

(Hiep — A thin Iluid with ve.sicating properties, 
known as chep, exudes when the fruit is detached 
from the stein. It has a turpentine-like odour 
when fresh, hut .soon dries to a straw-coloured, 
translucent, semi-.solid odourless mass. A resin, 
mangiferen (C2,11;,,D), a resinous acid, mangiferic 
acid (G,„H,,„G,) and a resinol, niangiferol, 
(G2 iH;„() 2) ,, all of which bear a close relationship 
to the ahielic at id .series of resins, have been i.solated 
from the ether-soluble fraction of chep. The water- 
soluble fraction contains gum but no tannic or gallic 
acid (Vasistha & Siddi([ui, /. Indian chrm. Soc., 1938, 
15, 1 10). 

The extracts of leaves, bark and stems, and unripe 
fruits exhibit moderate anti-bacterial activity against 
Micrococcus pyogenes var. aureus. Tbe occurrence of 
antifungal micro-organisms in ripe mango has been 
reported (Bushnell et al., Pacif. Sci., 1950, 4, 167 ; 
Majumdar & Bo.se, J. sci. industr. Res., 1955, 14C, 
126). 

Seed kernel — The seed kernels have an astringent 
taste and contain: ])rotein. 9.5: fat. 10.7: starch, 
72.80: sugar, 1.07: tannin, o. ii : and ash, 3.66VV, : 
silica (SiO.^), 0.41 : iron (Ke.O.,), 0.03 : calcium (CaO), 
0.23 : magnesium (MgO), 0.34 : phosphorus (P3O;,), 
0.66: sodium (Na^D), 0.28: potassium (K-^O), 1.31 ; 
sulphur (SO,), 0.23 : and carbonate (CO,), o.09Vn. The 
kernels are free from any toxic principles. The amino 
acids of the kernel proteins are: cystine, aspartic 
acid, glutamic acid, glycine, threonine, alanine, tyro- 
sine, histidine, arginine, lysine, proline, valine, 
methionine(?), leucines ami phenylalanine (Dhingra 
ct al., Proc. Oil Technol. Ass. India, 1948, 3, 39 ; 
Ramayya, Bull. Dep. Agric., Madhya Pradesh, 
No. ^8, 19^2 : Das tV Bisw'as, Sci. & Cult., 1953 -54, 

19, 158). ^ 

The seed kernels on extraction with solvents yield 
6 -12';.. of a solid edible fat (Mango Seed Oil or 
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Mango Butter), rcscinhling cocoa butter aiul tallow. 
The Fat is greyish white with a mild odour. It has the 
following characteristics: sp. gr.*"\ 0.9139; 

I. 4604: acid val., 0.28; sap. val., 194.8; iod. val., 
39.2 ; R.M. val., 0.12 : Hehner val., 95.7 ; and un- 
sapon. matter, 2.877... The fatty acid composition of 
the seed fat is as follows: myristic, 0.69; palmitic, 
8.83 : stearic, 33.96 ; arachidic, 6.74 ; and oleic, 
49.78';..: it contains fully saturated glycerides. 14.2: 
inono-oleoglycerides, 2^.2 : di-olcoglyceridcs, 60.8 ; 
;md tri-unsaturated glycerides, 0.87, (Pathak ci aL, 

J. Indian clicin. Sue., 1946, 23 , 407 ; Ramayya, 
loc. cit.). 

The kernels are used as human food in certain 
parts of India in times of scarcity. They are some- 
times roasted or boiled for eating : they are also 
converted into flour after soaking in water and eli- 
minating the astringent principles. The flour does 
not keep well and should be consumed fresh. As 
compared to cereals, mango kernel flour contains 
more fat and calcium : the protein content is less 
than that of wheat, mai/.e and barley (Ramayya, loc. 
cit. ; Wilkins, Indian Fm^, ^94^. 3 , 636). 

The dried kernel (digestible [irotein, 6.1 ; total 
digestible nutrients, 7().{) ; starch e(|uivalent, 67.5 
lb./ 100 lb.) is used as feed for cattle and poultry. 
Bullocks take 2 3 weeks to aetjuire a taste for the 
material ; feeding trials have shown positive balances 
with regard to nitrogen, calcium and phosphorus. 
The kernel may be used as such or after composting 
as manure. The kernel powder is used as anthel- 
mintic and also as astringent in bleeding piles 
(Ramayya, loc. cit. ; Kehar & Chanda, C//rr. Sei., 
1946, 15 , 48 : Ranjan ci aL, Pruc. hidiati Acad. Sci., 
1951, 33 B, 288). 

Timber — Mango wood (sp. gr.. 0.59 : wl., 38-50 lb./ 
cu.ft.) is grey or greenish brown, moderately 
strong, hard, straight or occasionally curly grained 
and coarse-textured. It is not durable when exposed 
(grave yard test shows a life of 2-3 years) but is <|uite 
rlurable under water. It is easy to season : the 
common |)ractice in the west coast is to season the 
timl)cr as platiks in salt water. It kiln-seasons with- 
out degrade. The wood can be sawn and worked 
without diificiilty and Hnished to a line surface. The 
data for its com|)araiive suitability as timber, 
expressed as percentages of the same properties of 
teak, arc: wt., 95 ; strength as a beam, 75 ; stiffness 
as a beam, 80 ; suitability as a post, 75 ; shock-resist- 
ing ability, nxt ; retention of shape. 95 ; shear, 105 : 
and hardness, 90 (Pearson & Brown, I, 315-17 ; 
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riG. 92 . MANGIFERA INDICA— TRANSVERSE SECTION 
or WOOD (xIO) 

Trotter, 1944, 133; Krishnamurti Naidu, 85; Puru- 
shotham ci al., Indian Far., 1953, 79 , 49 : *Limaye, 
Indiati For. Rcc., N.S., Timh. Mccli., 1954, I, 54, 
Sheet No. 13). 

Tiie timber is used for furniture, floor and ceiling 
boards, window frames, tea chests, packing boxes, 
match boxes and splints, brush backs, oar blades and 
agricultural implements. In Madras and west coast, 
it is valued for diigoiits and boats. It is used also for 
plywood and shoe heels. After preservative treatment, 
it can be used as a substitute for teak for beams, 
rafters, trusses and door and window leaves. A hard 
charcoal of high calorific value is obtained from 
mango wood |CambIe, 212: Trotter, 1944, 134; 
Rodger, 54, 133 : Krishnamurti Naidu, 85 ; J. Timh. 
Dr\crs* & Pres. India, 1956, 2 (i), 22]. 

Mango Fruit Products 

Dried a/i'cca — Immature mangoes are cut into 
slices, mixed with salt (6-8%) and dried in the sun. 
The dried product is packed in wooden casks and 
used in the preparation of chutney and pickles 
{Marketing of Mangoes in India, 1958, 134). 
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TABLE ^-COMPOSITION OF COMMERCIAL MANGO CHUTNEY* 



Total 

Total 


soliclsf 

sugars 


rtf 

Of 

.■0 

Sweet chutney 

71.1 

67.7 

Hot chutney 

r)7.H 

65.6 

M.'ijor Grey cliutncy 

67.6 

64.5 

Col. Skinners cliulney 

64.5 

62.1 

Bengal club chutney 

64.0 

62.0 


* Siddappa & Swamy, Food Sci., 1059, 8, 2 IS. 
I Kffracloiiitter solids. 


Acidity 
as titric 
acid) 

Total 

ash 

Alkalinity 
of ash (ml. 

N acid ' 

100 ml.) 

Salt 

(NaCl) 

«)/ 

/O 

of 

0 


of 

.0 

1.02 

1.6.^ 

5.51 

1.05 

0.K7 

I.7.t 

1 .00 

1.20 

1.02 

1.S7 


1.42 

1 .65 

4.65 


3.83 

1.62 

4..S9 


3.80 


A popular met hod of preserving unripe mango is 
It) (Tir tlie peeled material into thin slices and tlrying 
in the sun ; slices may he seasoned with turmeric 
powder before drying. Known as Amchur, the dried 
material is used as such or after grinding into 
powder. The powder keeps well for about 3 years if 
packed in air-tight containers. /h//L 7 ///r is used as a 
souring agent for soiij)s, chutneys and vegetables. 
Analysis of a commercial sample gave the following 
values: moisture, 14.7 : total acidity (as tartaric 
acid). 15.2 ; glucose. ^ 5-4 Singh, 

Indian Fd Packer, 1952. 6(4), 13 : Markcling of 
Mangoes in India, 1958, 134 : Bountra & Pandya, 
Proc. Indian Acad, Sci., 1936, 4A, 452]. 

Mango chntney — Immature fruits of seedling 
varieties are preferred for the preparation of chutney. 
Peeled slices are softened by heating with a small 
amount of water. Sugar, salt, red chilli powder, 
ginger and other spices (cardamom, ( innamon, cumin, 
etc.) are added and the mixture cooked over slow 
lire till fairly thick. Vinegar is then added and cook- 
ing continued till tlie desired consistency is attained. 
In some preparations, spices are not mixed with 
mango slices, hut tied loosely in a muslin cloth and 
immersed in the mass during cooking. Kaisins and 
other dry fruits are sometimes added. 

wSix brands of chutney are available in the trade 
viz. Sweet Chutney, Mot Chutney, Major Grey 
Chutney, Col. Skinners Chutney, Kashmir Chutney 
and Bengal Club Chutney. Table 6 gives the compo- 
sition of the different brands. Chutney manufacturers 
in Delhi and northern India produce a product 
which is more akin to sweet pickle with practically 
no acid. Agmark grade designations have been speci- 
fied for chutney and considerable (piantities of the 


product are exported (Rel). Chntne\ Industry} in 
India, Minis!. Food Agric., Govt, of India, 1957, 
29-30 ; Girdhari Lai et aL, 206 : Marketing of 
Mangoes in India, 1958, 133 : Siddap])a (S: Swamy, 
P\)od Sci., 1959, 8, 218). 

Mango pickle [Achar) — ^The recipes for mango 
pickles vary widely in different parts of the country, 
hut the ingredients are the same and include: slices 
of unripe mango, mustard oil, fenugreek, turmeric, 
fennel, powdered red chilli, salt and pepper. Unripe 
but fully developed tart mangoes of seedling varieties 
are used (Marketing of Mangoes in India, 1958, 133 ; 
Girdhari Lai et ai, 228). 

Canned mango — Safeda, Seliroli, Duseliri, Alphon- 
so, Pairi, Bafiga?ipalli, Neel urn and Mulgoa are pre- 
ferred for canning. Firm ripe fruits are selected, 
washed, peeled and the llesh cut into longitudinal 
slices of almost ecpial size. The slices are placed in 
brine (2'V,) to prevent browning and canned in hot 
sugar syrup (40° Brix) containing 0.3- 0.5% citric 
acid. Mango pulp obtained by s(juee/ing out the juice 
from ripe fruits are canned in the same way as slices. 
Trimmings are used in the preparation of jams and 
s(|uashes (Girdhari Lai et aL, 66 : Marketing of 
Mat! goes in India, 1958, 132). 

(banned mangoes are a good source of ) 3 -carotene 
and ascorbic acid. The vitamins are well retained in 
canned slices : the pulp, however, suffers lo.ss of 
ascorbic acid (Siddappa & Bhatia, /. sci, industr. Res., 
1956, 15 C, 1 18; Indian /. Hort., 1955, 12 , 129; Btdl. 
cent. Fd technol. Res. Inst., Mysore, 1955-56, 5 , 236). 

Mango leather (Atn-papar) — Mango pulp dried 
in the form of sheets or slabs is commonly called 
mango leather or mango bread (Am-papar). Ripe 
fruits of sucking types are utilized for this purpose. 
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The juice is st|ucczecl out, strained through cloth and 
spread in thin layers over mat, slate or wooden plank 
previously smeared with mustard oil and dried in 
the sun. The sheets arc removed and pressed, one 
over the other, into slabs ^ 4 ”^^ thick. The product 
is exposed to sulphur fumes before packing. Am^ 
jyalmr is produced on a cottage scale in all mango- 
growing regions {Marketing of Mangoes in India, 

1958, 134 ; Brochure on Homc-Scatc Food Prepara- 
tion Series, Cent. Fd technol. Res. Inst., Mysore, 

1959, No. 23). 

An imjiroved process for the preparation of am- 
papar has been patented. It involves steeping of 
mango flesh in sugar solution (containing citric acid, 
if necessary), followed by steaming for 15-30 min., 
addition of sulphur dioxide and keeping overnight. 
The mass is strained, passed through a pulping 
macliine and the pulp spread on trays and dried in 
the sun or in a cabinet drier at 140-45®!'. Dried 
sheets arc cut into pieces and pressed into slabs. The 
product obtained by dehydration in a cabinet drier 
is superior to the sun-dried product with regard to 
both colour and flavour. The carotene loss during 
drying amounts to 30-50%, while tlie loss of 
ascorbic acid is 92-98% |Siddappa & Bhatia, (to 
(].S.I.R.), Indian Pat, 49441, 1953: Das et al„ 
Bull. cent. Fd technol. Res. Inst., M\sore, 1954-55, 

4. 157]- 

Another method for the preparation of mango 
leather consists in extracting the pulp from ripe 
mangoes, adding sugar to raise the Brix to 25-28° 
and concentrating to a paste in a double-drum 
drier. The paste is mixed with tamarind seed 
jellosc and corn flour, spread into sheets and dried 
in an oven at 40-45° (Rao & Dang, Res. & hid., 
1958, 3 , 208). 

Juice poieder ~i\ j)rocess for the production of 
mango juice powder has been worked out at the 
Central I'ood 'Fechnological Research Institute, 
Mysore. It consists in concentrating tbe juice, blend- 
ing with sugars, fruit acids, etc. and drying in a 
vacuum shelf drier. The dried material is powdered 
and j)acked in air-tight containers with or without in- 
package desiccants. The product is a rich source of 
vitamins and can be used in the preparation of ice- 
creams and infant and invalid foods. It can be re- 
constituted into juice and used as a beverage 
fSiddappa & Girdhari Lai (to C.S.I.R.), Indian Pat. 
4959 «. ' 9531 - 

Blends of mango pulp and wheat flour may be 
processed into various forms — flakes, vermicelli, flour 


etc. — for use as breakfast food or as a thickener and 
flavouring agent for ice-creams and other food 
preparations (Girdhari Lai et al., Indian J. agric. Sci., 
1956, 26 , 329 : Girdhari Lai & Jain, Res. & hid., 1956, 
1, 229). 

A preparation known as mango custard powder, 
is obtained from mango pulp mixed with skimmed 
milk powder, sugar, corn starch and other ingre- 
dients. The blend is dried to 1-1.5% inoisture and 
ground to a granular powder. Analysis of a sample 
of mango custard powder gave the following values: 
moisture, 1.3; protein, 7.1; fat, 0.17: starch, 3.6; 
reducing sugars, 18.4; fibre, 1.5; and asb, 2.6%: 
iron, 6.6 mg. ; phosphorus, 204.0 mg. ; calcium, 
238.0 mg. : ascorbic acid, 32.8 mg. : and )8-carotene, 
i2,()()() fig./ 100 g. : acidity (as citric acid), 1.18% 
jSiddappa & Rajam, Indian Fd Packer, 1958, 12(5), 
II ; Korula et al., Ann. Biochem., i960, 20 , 65]. 

Tradk 

Mango fruits Large cpiantities of the fruit are 
consumed locally in producing areas. It is estimated 
that in 1956, out of the total production of 135.82 
million md. of mango, 122 million md. were con- 
sumed either for table purposes (2.64 million md.) 
or for the production of pickles, chiitneys and 
squashes, [..osscs in handling, storing and marketing 
amounted to 10%, of the total production [Marketing 
of Mangoes in India, 1958, 25, 249). 

I'liere is considerable trade in mangoes between 
producing and consuming areas within each State 


TABLE 7— EXPORT OF FRESH MANGOES 
(Qty in ovi.) 


Cojintry 

1^57 

1958 

1959 

1960 

Kuwait 

3.27S 

5,153 

7,234 

4.250 

Ha lire in Is. 

2,938 

3,422 

4,394 

.3,349 

Singapore 

2,205 

7.607 

2,531 

4.627 

Malaya 

2,004 

8,500 

3,240 

1,786 

Saudi Arabia 

1,011 

2,334 

1,814 

496 

Aden 

S68 

918 

1,437 

262 

Trucial Oman 

494 

263 

890 

236 

Ira({ 

140 

65 

17 


United Kingdom 

16 

207 

603 

25 

Others* 

593 

260 

618 

15,179 

'total Qty (cwt.) 

13,547 

28,729 

22,778 

30,210 

Total Val. (Ks.) 

567,120 

9,82,801 

11.41.407 

10,92,111 


* Tnclijclc.s Wesf and Kast Paki.sfan. 
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TABLE 8— MANGO PRODUCTS MANUFACTURED IN INDIA (1958)* 


Product 

Production 

(md.) 

Mangoes utilized 
(tnd.) 

Preserves 

742 



1,088 

C:hiitncy 

22,9.48 



45.876 

Pickles 

.48,687 



77,474 

Pulp 

1,877 



. 4.754 

J;iins ^ Jellies 

.4.44 



444 

S(}ua.sli, Oii.sh & .Syrup 

104 



52 

Slices 

4,798 



9,596 

A mchur 

1 , 000,000 


2,500,000 

Total 

1,069,480 


2,648,184 

*Murkettn}^ of Maniocs in India, 1058, 

248, rah'e 

4. 

rABI.E 9— EXPORT OF MANCiO 
(Qty in cwt.) 

PICKLES 


Country 

1957 

19.58 

1959 

1960 

Unilcd Kingdom 

9,770 

7.748 

4,680 

6.822 

Irac] 

4,91.4 

4, .4 10 

4,451 

10, .141 

Saudi Arabia 

810 

441 

645 

575 

U.S.A. 

665 

1,012 

847 

420 

Singapore 

440 

.477 

209 

277 

Canada 

406 

257 

146 

214 

Bahrein Is. 

259 

225 

1.55 

5.4 

Kuwait 

257 

404 

696 

268 

1 longkong 

119 

179 

148 

87 

Others 

1,181 

960 

972 

1,774 

KiUal Qty (cwt.) 

18,820 

15,902 

11,949 

20,829 

rmal Val. (Ks.) 17,-10,44S 15,06.824 

ll,2.5,.t92 

19,80.709 


and also l)ciwccn States. The major parr of seedling 
mangoes is locally consumed, while selected quali- 
ties of grafted types are sent to markets in cities and 
towns ; small t|iiantitics of choice varieties arc 
exported to outside countries (Table 7). Important 
among the countries importing fresh mangoes from 
India are; Quwair, Balirein, Saudi Arabia, Singa- 
pore and Malaya and U.K. 

Mango products — Among the mango products 
produced on a commercial scale, mention may be 
made of chutney, pickles and amchur. Table 8 
summarizes the available information on mango 
products manufactured in India. Chutneys and 
pickles are exported in fair quantities to various 
countries ; the principal importer is U.K., followed 


by Iraq and in .some years U.S.A. (Table 9). Mango 
products are graded according to standards of 
(piality and composition prescribed under the Fruit 
Products Control Order {Marketing of Mangoes in 
India, 1958, 136 appx XXXIII-XXXVI). 

M. sylvatica Roxb. 

D.K.P., V, 157; FI. Br. Ind., II, 15: Mukherji, 
IJoydia, 1949, 12, 94. 

A.ssam — Ban-ani ; Nep.vl — Chuchi-am ; Lepcha — 
Kathorkung. 

A tall evergreen tree, up to 45 m. high, with a 
straight bole 15 m. long and 3.0 m. in girth, found 
commonly in Nepal, Sikkim and eastern Himalayas 
at 300-1,300 m., Assam, Khasi hills and Andaman 
Islands. Fruits ovate, elliptic, variable in size, 
8-10 cm. long : fle.sh thin, slimy, libreless : stone less 
furrowed ihan that of ordinary mango. 

The unripe fruit is pleasantly aromatic and suii- 
al)le for making tarts, pickles and jellies: the ripe 
fruit is inferior to mango (Mukherjee. Sci. & Cult., 
1949-50, 15 , 469 : FI. Assam, I, 336). 

The wood of this species is white when freshly 
cut, ageing to light yellowish grey on exposure ; 
beartwood lacking or scanty. It is light (sp. gr., 0.54 : 
wt., 35 Ib./cii. ft.), moderately hard straight- or 
.somewhat broadly interlocked-graincd and medium- 
textured. It .saws witli ea.se and machines to a smooth 
surface ; it is easily worked by hand tools (Pearson 
& Brown, I, 318-19). 

The wood is used for the same purposes as mango 
wood, and in the trade, it is commonly found mixed 
with the latter. It yields strong and fairly orna- 
mental ply-board. It has been used to a limited 
extent for tea boxes in A.ssam. hut has been given 
up as it is reported to react with the lead lining of 
boxes (Pear.son & Brown, I, 319). 

A number of other .species of Mangifcra, found in 
South-Fast Asia, are known to bear edible fruits. 
Some of them are: A/, altissinia Blanco: A/, caesia 
Jack : M. cocliincliinensis Pierre ; A/, foetida Lour. : 
M. lagenifera Grill. ; A/, longipctiolala King ; A/. 
micrnph\Ua Grilf. : M. ohlongifoUa Hook. f. ; A/. 
odorata Griff. ; A/, pentandra Hook. f. : M. (juadri- 
fida Jack : Af. rcha Pierre ; and M. zeylatiica Hook. f. 
Some of them have been used as rootstock for mango 
in Malaysian countries (Burkill, II, 1401-07 ; Corner, 
I, I lo-i I : Mukherjee, Sci. Cult., 1949-50, 15 , 5, 
469 : Mukherji, fJoydia, 1949, 12 , 73 : Fielden, Tech, 
Comtnun., imp. agric. Bur., No. 7, 1936 : Gunara- 
tnam, Trop. Agriculturist , 1946. 102 , 23). 
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MANGLIETIA Blumc [MagnoUaccac) 

A small genus of trees disirihuted in South-Kast 
Asia. Three species are found in India. 

M. insignis Blume 

FI. Hr. Ind., I, 42 ; King, Ann. R. hot, Gdn, 
Ciilcuila, 1891, 3 , PI. 55. 

Nkpal — Scete soak ; Assam — Pan-sopa, phuUsopa ; 
K iiAsi -Dicug^rh'hhtmnv, dicng-rlii-halilu 
A lofty handsome tree, up to 27 m. in lieighi and 
2.1 ni. in girth, found in eastern Himalayas and 
Assam up to an altitude of 3,000 m. Bark greyish 
white to reddish hrown ; leaves elliptic-lanceolate, 
coriaceous : dowers white or pink, fragrant : fruit 
|)ur[)lc when fresh. 

The tree is propagated hy seeds. It has heen 
successfully grown l)y transplanting 9 or 17 months 
old seedlings from nursery beds in May or 
December. Jl yields a wood (wt., 32 Ih./cu. ft.) which 
is yellowish white, even- or slightly intcrlocked- 
grained, fine-text tired, soft and moderately strong. 
The wood takes long to season, hut is easy to work 
and linish to a smooth satiny surface. It does not 
last long in contact with ground. 'J1ie data for the 
comparative suitability of timber, expressed as 
percentages of the same properties of teak, are: wt., 
75 ; strength as a beam, 70 : stiffness as a beam, 80 : 
suitalnlity as a post, 75 : shock-resisting ability . 90 ; 
retention of shape, 75 ; shear, 105 : hardness, 60. The 
wood is suitable for light construction and indoor 
work, planking, packing cases, furniture, aircraft 
work, etc. Its cultivation in tea plantations in Assam 
has heen recommended for fuel and timber purposes 
((Jainhle, 10: Limaye, Indian For. Rcc., N.S., Tinib. 
A/<r//., 1954, 1 , 54, Sheet No. 13 ; Kl. Assam, I, 16 : 
Macalpine, Tocklai exp. Sta. Memor., No. 24, 1952, 
161)). 

A/, hookcri G.F.S. Cuhitt & W.W. Smith is a close- 
ly related tree found in Lakhimpur and Sihsagar. 
The wood is greenish hrowai, fine- and even-grained 
and durable. It is suitable for indoor work and 
furniture (FI. Assam, I, 16). 

Mango — see Mangifera 
Mango Ginger — sec Curcuma 
Mangostcen — sec Garcinia 

Mangrove — see Avicennia, Bruguiera> Ceriops, 
Rhizophora 

MANIHOT Mill. (Euphorbiaceac) 

A large genus of tall herbs, shrubs or trees, mostly 
natives of Brazil and warmer parts of America as 


far north as Mexico. Three species have been intro- 
duced into India ; Af. cscidenta (Cassava) is widely 
cultivated for its starchy tubers. 

M. esculenta Crantz syn. A/, iiiilissima Pohl ; Af. 
at pi Pohl : A/, diilds Pax ; A/, palmala Muell. Arg. 
Cassava, Manioc:, Tapioc.a’* 

D.F.P., V, 157 : C.P. : 766 : Sampson, Kexv Bull, 
Addl Ser., XII, 1936, no, 206. 

Tkl. — Karra petidalamu ; Tam. — Maravalli kizh- 
atigii, ezbalai kizhangu ; Ki\>i,--Maragenasu ; Mat.. — 
Maravhini kizhangu, kappa. 

Assam — Siwal alu. 

A low shrubhy plant, 2.0-5.0 m. high, with a 
cluster of tuberous roots ; stem varying in colour 
from pale or dirty white to brown, marked by 
numerous scars left by fallen leaves ; leaves pal- 
mate, pale green in colour with 5-9 lobes : 
flowers unisexual, grouped in terminal cymes: 
male and female flowers on same inflorescence : 
fruit a ca|)sule containing three seeds resembling 
castor seed. 

Cassava is a native of S. America and has been 
introduced from there into Africa, India, countries 
of S. K. Asia and the Pacific Islands. Two types of 
cassava are recognized, the bitter and the sweet, 
according to the taste of the tiiherous root. Some 
authorities assign the sweet types to a distinct 
species, variously designated as A/, palniata, M, 
dulcis or Af. aipi. This differentiation has not been 
generally accepted, as the taste of the tuber is not 
regarded as a character of specific or varietal impor- 
tance : a bitter type in one area may become a sweet 
one when transferred to another or vice versa. With- 
in the species, several types or races are recognized, 
based on the length of growth period, plant habit, 
colour of leaf, and the number, size, shape, length, 
diameter and colour of roots ; the distribution of 
pigment in various parts of the plant and even the 
length of time required to cook the root arc taken 
as criteria for the differentiation of types. Based on 
these characters, 75 types have been recognized in 
Kerala : one of them is a variegated type with orna- 
mental foliage, often cultivated in gardens (van 
Roycn, I, 99; Burkill, II, 1411-15 ; Bailey, 1947, II, 
1993 ; Sampson, Kexv Bull. Addl Ser., XII, 1936, 206 : 
('handraratna & Nanayakkara, Trap. Agrictdturisl, 
1944, 100, 219; Rep. Dep. Res., IJniv. Travancore, 

♦Cassava or Manioc is the name generally applied to the 
plant and 'I’apioca to the starch prepared from its tnhers. In 
India, both the plant and the starch extracted from its tubers 
are called Tapioca. 
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I ICi. 91 . MANIHOT KSClU.liN rA— I'LOWERING AND 
1 RUITING RRANCH 


i93g -4^) : loS : Aliraliain, h'uDfi Bull., Iiiduin Couu- 
a^ric. R(S., No. 17, ; Rao. Mudrus a^^ric. /., 1951, 

27 , 57 ). 

Considcrahlc work has been carried out in India 
on the improvement of cassava l)y liyhridi/ation 
heiwccn pure lines : selected hybrids have been 
maintained by vegetative propagation. I'romising 
types evolved in Kerala include Hybrids /05, 96, 
9/49 and 20/50. Inbreeding of cultivated types has 
shown that a large number of them are betero/y- 
gous in nature. Interspecific hybridization of M. 
cscidcnta with two other species. A/, suxicolu 
Lanjouw and A/, ^luziovii Mnell. Arg. (Ceara 
Rubber), has been carried out particularly with a 
view to improve the protein content of tubers. 
Hybridization with the former has not yielded use- 
ful results. In the case of hybridization with A/. 
fflaziovii, however, good results were obtained by 
back-crossing clonal types of F, hybrids with the 
cassava parent. The fourth backcross generation is 


almost similar to cassava and exhibits favourable 
combinations of characters, like high yield, increas- 
ed vigour, resistance to drought and spreading habit 
of roots. The tubers of the hybrid plants are as good 
as cassava for eating. 

Idle chromosome number in all types of cassava 
is reported to he 211 r;:; ^6. Tetraploicls produced by 
colchicine treatment of axillary buds are more 
vigorous than normal plants, hut the yield of tubers 
is poor. 'Friploids obtained by crossing tetraploicls 
with di|)loi(ls have shown some superiority over 
tetraploicls [Rep. Dcp. Res., lJuiv. Travancore, 1C959 - 
46, 108: Abraham, Indian J. Genet., h;57, 17, 212; 
Ainiii. Rep. Indian Conn, a^ric. Res., i(;54-55, 42 ; 
Bolhuis, Euphylica, i<;55, 2, 107). 

Cl'I/riVAIION 

Cassava is cultivated nearly ihroughout the humid 
tropics particularly in South and Central America, 
Central and West Africa and S. K. Asia. The chief 
areas of cultivation are Brazil, Congo, Nigeria and 
other c:ountrics of eciuatorial Africa, Indonesia and 
India. The world acreage is estimated at 17 million, 
of which more than half is concentrated in tropical 
Africa (rahle i). In India, cassava has been grown 
as a subsidiary food crop in Kerala for a century or 
more ; it became a crop of importance since the 
beginning of World War II, when clue to disruption 
of supplies of starch from western coimtries and also 
shortage of rice due to Japanese occupation of 
Burma, cassava cultivation received an impetus. 
Further, cassava was recognized as an excellent raw 
material for sago manufacture and sago from this 
source has almost wholly displaced the product from 
sago palm, formerly imported from Indonesia (van 
Royen, 1, c^9 : Prod. Yearh. FAO, 195c;, 13, 79, 
lalile 25; PynaeiT, 160: Cerighelli, 1. 290: Rep. 
Tapioca Enquiry Conun., 'rravanc:ore-C'ochin, 1952, 
1-2, 16-18). 

The main cassava growing areas in Kerala are 
eonlined to the narrow belt of undulating land, 
between the littoral tract and the hills. The hulk of 
the acreage is in Quilon, Trivandrum, Kottayam, 
Malabar and Trichur districts. In these areas, the 
plant is cultivated in small holdings, one acre or less 
in area, mainly for local consumption. It is some- 
times grown as a sid)sidiary crop in tea and rubber 
plantations. In Madras, which ranks next to Kerala 
in acreage, cultivation is concentrated in Salem, S. 
Arcot and Kanyakumari districts. Table 2 summa- 
rizes the acreage under this crop in India and 
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])r()(luc!ii)n of cassava during ihc past few years 
(A^ric. Marketing hidia. Rcj). Marketing nf Talnoca 
in fnc/ia, Marketing Ser., No. SS, 1955, 3 ’ 
I'apioea En(jnir\ Canini., 'l'ra\ ancore-Cochin, 1952, 
21 , 27, appx j N). 

Cultivated t\()es — In India, as in other countries, 
the types under (ulrivation are either chance seed- 
lings or hud mutations selet ted for desirable charac- 
ters and maintained by vegetative propagation. Kor 
edible purposes, strains witli high starch and protein 
content, and little or no hydrocyanic acid, aiv prefer- 
red. For starch mantifaciure. high yielding strains 
are used CNen though they contain hydrocyanic acid, 
since they are not browsed by cattle atid can be grown 
in forest areas without much protective measures 
against theft, or lirowsing by animals. Cassava types 


grown in Kerala may be classified Into two groups ; 
long duration types maturing in 10-12 months and 
short dtiration types maturing in 7-8 months. The 
former are tiscd generally for starch and sago manu- 
facture ; short duration types are used ft)r cooking 
and edible purposes. The principal commercial types 
grown in Kerala are: Kalikalan in South Travancore ; 
Aryan and Nedinnangadan in Central Travancore; 
and Kattan and Vella in North 'Fravaticore. Other 
types popular in North Travancore are: Elaninravi, 
Thulavella, Vellarotti, Neiitran and Sundari Vella. 
Besides these, two hybrid progenies. Hybrid 10^ and 
Hybrid 96, have been distributed for cultivation 
(Rep. Tapioca Enquiry Conini., Travancore-Cochin, 
1952, 21: Rep. Marketnig Tapioca, 1955. 45 1 

Ilolleman & Aten, 5). 



TABI I: I- 

-ACRtAGL' AND 

PRODliCTION 

OP CASSAVA 

IN SOMb IMPORTANT COUNTRlHS* 





Area (thousand 



acres) 



Production (thousand tons) 

^ 



PM8 

(av.) 

I95h 

1957 

I95S 

|94S 52 
(av.) 

1956 

1 957 

1 958 ’ 

Itra/il 

2,M)7 

2.911 

2,94S 

2.S27 

12.269 

15,074 

1 5. 1 99 

14,609 

Indonesia 

2.157 

2,7S() 

.?,0I7 

.^,249 

6,710 

S,9S7 

9,958 

10,799 

India 

5Sbt 

hlO 

609 

614 

l,526t 

1,764 

1 ,7.59 

1 ,768 

Conj'o 

l.biw 

1 .554 

1,705 

1,572 

5,S|S 

7,557 

7.657 

7,429 

Nigeria 

2,4t)V 

1,401 

1.621 

1 ,6«S 

10.555 

5,S9.S 

8, 1 00 

8. 1 V) 

Total *♦ 

14,579 

10.062 

17,0.50 

1 6,556 

51,179 

5S,560 

6l,5l6 

62,105 

* t'Hut. Yt 

‘tirh. /'MO. 1959, |3, 

, 79, 'Table 25. 




1 1 949 55. 




** Data includes cuiiiitrics not iniiiiioiicd ahuw and also rstiiuatcs tor coiiiiities lor wliidi data are not available. 


I’AUI.K 2— Af:RLAGF AND PRODUCTION OI- CAS.SAVA IN 1NI>1A=» 

Slate ProdiKtioM (tons) 



1956 57 

1957 -.58 

1958 59 

1956 57 

19.57- .58 

1958 59 

Keiala 

557,960 

557.900 

557,900 

1 ,569.094 

1 ,.569,094 

1 .569,094 

Madras 

45,200 

42.868 

45,040 

165,860 

165.810 

161,2.50 

Assam 

4,2.50 

4.120 

2.920 

9,486 

9,196 

5,2.59 

Andhra PiadesI 

2,6<)5 

7.548 

5.874 

6,952 

21,864 

11.686 

Mysore 

595 

882 

928 

4,514 

854 

87.5 

( )rissa 

560 

228 

228 

978 

45 

45 

bombay 

195 

195 

195 

1,270 

1,270 

1,270 

Tripuia 

1 50 

.50 

40 

52tl 

175 

80 

West bengal 

100 


hi) 

918 

(^0 

O') 

Andaman 

Nicobar Is 

28 

50 

50 

105 

110 

no 

Total 

609,455 

615,621 

609,155 

1.759.475 

1.768,596 

1.747,667 

* Data obtained rrmu 
(a) negligible. 

the Oirec t(»i.'ite 

ol Kcon. & 

Statist., Minist. 

Pond /V Agric., (Jnvt. ol' India. 
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Clinuitc & Soil C'assava prefers a warm, humid 
climate with ample rainfall ami sunshine. It does 
not sland frost and docs not flourish above an alti- 
tude of 900 m. Provided there is adequate moisture 
at the time of planting, the crop can withstand 
drought for some lime : too little rainfall results in 
woody luhers. A fairly well-spread rainfall of about 
150 cm. is considered to he optimum, hut it can 
sland heavy rainfall of even 250 cm. A light, well- 
drained soil of medium fertility is preferred : very 
rich or very poor soils are unsuitable. In Kerala, the 
crop is grown on latcritic loams which though 
clayey can he imj^roved and enriched by the addi- 
tion of leaf mould, ashes and house-hold refuse. 
Saline soils and sticky soils subject to water-logging 
are unsuitable. Newly cleared virgin soil can he used, 
hut as they are usually very fertile vegetative growth 
is excessive and tuber maturity is delayed. Cassava 
is grown under irrigation in a few areas in Salem and 
Tanjore districts (Madras) hut the total area under 


irrigated crop hardly amounts to 2 ’.. (Abraham, 
Fart)i Bull., Indian Conn, a^ric. Rrs., No. 17, 195^ ; 
(yiist, 164-65 : Holleman tV Aten, 2 : Yegna Narayan 
Aiyer, 291 ; Sankaram, Madras a^ric. /., 1942, 30 , 
405 ; van Roycn, I, 99 : Marketing VV/p/fxv/, 

*955. 3 )- 

Cassava is generally grown as a pure crop ; it can he 
raised also as a mixed crop with vegetables, banana, 
yams or sweet potato or as a subsidiary crop in 
young riihher and coconut plantations, k'rccpieiit 
cultivation of cassava in coconut plantations, how- 
ever, is reported to he harmful to the main crop, 
since it depletes the soil of potash and favours multi- 
plication of rats (Abraham, loc. cit. ; Yegna Narayan 
Aiyer, 292 ; Rcj^. Tapioca EtKjniry Comm., 'Travan- 
core-Cochin, 1952, 20 : wSankaram, loc. cit. : (irist, 
165, 167 ; Seshadri ^ Sayecd, Bidl Indian Coco}i. 
Comm., 19^^ ^4. 7 , 19: Menon, ibid., 19:; 4-^4, 7 , 
187). 

Propagation —Cassava is usually |)ropagaied by 



FlCi. 9 \. MANlHOT liSCULENTA— PART OF A PLANTATION 
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cuttings of the* stem. Propagation from seeds is 
resorieci to only for purposes of selection and 
liybridi/ation. For propagation by cuttings, harvest- 
ed stems are cur, tied into bundles and stacked up- 
right in sheltered places for 2-12 weeks. Tn some 
areas, the material is planted in the first instance in 
channels 2 ft. >< 3 ft. x 10 ft., and covered with earth ; 
leaf buds sprout out in 10 12 clays and steins are 
then dug out. cut into setts and planted in the field, 
(.sittings from lower and middle /ones put forth 
vigorous shoots and yield a large numher of tubers. 
The cuttings are usually 6-9 in. long though longer 
curlings, c. iS in., are reported to give significantly 
higher yields. Planting of excised young shoots from 
parent cuttings, after hormone treaimeni, has given 
promising results (Abraham, loc. cit. : Ilolleman ^ 
Aten, 5 ; Grist, 165-66 ; Krishnamurthy. Madras 
a^ric. /., 1949, 36, 523 : Mudaliar, ibid., 1951, 38, 5 ; 
Jeyaseelan, 7Vo/). Affricullurisl, 1951. 107 , 168 ; 

Fernando & Jayasundara, ibid., 11942, 98, 3 : Madras 
a^ric. /., 1922, 10 , 22 : Uttaman, ibid.. 1952, 39, 46S ; 
Yegna Narayan Aiyer, 292 ; Chant Marden, Trap, 
Agriculture, Triu., i(; 5 S, 35, 1 C 95 ). 

JManting is done in shallow pits or on mounds and 
ridges. I'he field is thoroughly ploughed up and a 
basal dressing of farmyard manure is applied. Small 
pits are dug 3 3.5 ft. ajiart (both ways) in a sciuare 
pill tern : sjiacing may he less in intensively culti- 
vated aiTas. Stem cuttings are planted, one in each 
])it or mound, in it verliciil [losition, burying c. 2 in. 
of the lower end in the soil. In some areas. 2 or 3 
cuttings are planted in eiich pit in a slanting posi- 
tion, while in some others, cuttings ;ire planted 
hoi i/onially. Verticiil planting is reported to give 
the best results (Abraham, loc. cat. : Biirker, HtilL 
Dcp. lud. Tracaucorr, No. 14, 1921 : Ilolleiuiui 
Aten. 6 ; Yegna Narayan Aiyer, 2()2 <)\ : jeyaseelan, 
loc. cit.). 

For ridge planting, rows are opened 3-4 ft. apart 
and setts are plantc'cl in a slanting position. l"or 
making mounds, the ridges are cut by narrow cross 
channels and one sett is planted on tlie top of each 
imiuud (Barker, loc. cit. : Mudaliar. loc. cit.). 

Cassava is planted soon after the advent of or 
during llie course of the monsoon. If facilities for 
irrigation are available, planting may he done in late 
summer so that the crop is well established by the 
time monsoon sets in. Planting at the beginning of 
the monsoon is preferred if the tu])ers arc reiiiiircd 
for starch manufac:iire. In many parts of Kerala, 
planting is done almost throughout the year. 


In North India, the crop may be planted from 
Feliruary to April after the cold weather (Abraham, 
loc. cit. ; Ilolleman & Aten, 7 ; Sankaram, loc. cit. ; 
Rep. Marketing Tapioca, 1955, 6). 

Manuring — Cassava is an exhausting crop and in 
places where it is grown continuously, some form of 
crop rotation, green manuring, or application of 
organic or inorganic fertilizers is essential. Cattle 
manure is usually applied alone or in combination 
with green manure ; sometimes lime and wood ash 
are aclded. They are applied to the soil in the initial 
stages of cultivation and supplementary doses of 
ash, muriate of potash and oilcakes arc applied as 
top dressings during intercultivation. Sheep are 
penned in some areas of Madras ; tapioca mill wastes 
are applied as manure in Salem. Fish manure and 
ammonium sulphate or ammonium phosphate and 
sul[)hate of potash are also used. The yield increases 
with increased doses of farmyard manure hut when 
applied in excessive (juanrities the roots are reported 
to become bitter (Abraham, loc. cit. : Rep. Tapioca 
Enquiry Comm., Travancore-C'oehin, 1952. 92 96 ; 
Mudaliar, loc. cit. : Krishnamurihy. loc. cit. : (irist, 
16S : Tobias, Cocon. Bull., 1958 59. 12 , 44). 

Intercultivalion at short intervals is necessary till 
the plants grow up and cover the ground. C sittings 
that do not develo|) are replaced up to a month of 
original planting. 'Fhe plants are earthed up when 
about 4 months old. 'Fhe plants grow to a height of 
8 10 ft. or even more. For good root development 
only two to three shoots per sett are retained : plants 
are topped, in some areas, to a height of six feet 
(Abraham, loc. cit.: Ilolleman Aten, 6: Yegna 
Narayan Aiyer, 292). 

Diseases /^(\v/.s C'assava crop is not subject to 
.Miy serious disease or pest iu India. lA‘af spot caused 
by Cercospiira lieufiingsU Allesch. and C. cassaiute 
has been reported from several areas. It can be con- 
trolled by spraying with Bordeaux mixture. Fomes 
lignosus Klot/sch and Phytomonas sp. arc reported 
to cause rotting of tubers. 

Cassava mosaic is by far the most serious disease. 
It is (out rolled by destroying plants showing symp- 
toms of the virus. Mosaic resistant types are reported 
to have been evolved in Fast Africa (Mem. Dep. 
Agric. Madras, No. 36. 1(954, 1183: Indian J. agnic. 
Sei., 1(950, 20 , 107 : Abraham, loc. cit. ; Chant, Emip. 
/. exp. Agnc., 1(959, 27 , 55). 

The scale insect, Aouidofnyiilus alUus Ckll., is 
reported to attack the crop in Madras. In the earlier 
stages of the attack, leaves h^se chlorophyll and dry 
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FIG. 95. MANIHOT ESCULENTA— TUBER.S 


up ; wlicii heav ily iiilcsted, the stem also dries up. 
Paratiiion alldrds elleetive eontrol. The pest can he 
eheeked hy planting heallliy setts and removing 
infested plants in an early stage (Anatitanarayanan 
rl al., Mfulnis a^ric. j., 44 , 2S1). 

'i\'lr(in\c/iiis Iclurius Z. (Red spider mite) is 
rrec|uentlv found on the under surface of lower 
leaves. leading to yellow s|)otting and general dis- 
colouration. AlVectetl leaves are removed and burnt : 
in severe eases, |)lants are dusted with lime-sul])hur 
mixture. 'I'he oyster shell scale insect. lA'Indosaphcs 
sp. has been re|)orted in a few areas in Travancore 
during summer months. Kradicalion hy insecticidal 
sprays is diflicnlt and complete destruction of aflecl- 
ed plants is recommended. Soft mealy bugs have also 
been reported to attack tapioca |)lants (Abraham, 
loc. cir.). 

Harvesting eV Yield — The crop is ready for 
harvesting from the eighth month onwards. 'Fhe 
maturity of tubers is indicated by tbe flowering of 


plants and by the yellowing and shedding of leaves ; 
cracking of soil surface beneath the plant indicates 
that roots are fully developed. If tubers are recpiired 
for marketing as vegetable, they are dug out when 
the cro|) is six to eight months old ; if recjuired lor 
sago or starch manufacture, harvesting is delayed by 
another 2 or 4 months. Tubers can be left in the 
ground for a few months longer without ilamtige 
(Krishnamurthy. loc. cit. : Abraham, loc. cit. : Muda- 
liar, loc. cit.). 

For harvesting, the plants are pulled out and 
tubers separated. Fach plant yields 5-10 cylindrical 
tubers, usually, 12-18 in. long, sometimes reaching 
2 3 ft. The weight of a single tuber usually varies 
from 2-5 lb. : in long duration tyjies, roots weigh- 
ing as much as 25-30 lb. have been reported (van 
Royen, I. 99 : Yegna Narayan Aiyer, 293). 

The yield of tubers per acre in Kerala varies 
widely from i to 12 tons, the average being 5 tons. 
Trials carried out at Travancore have shown that 
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under intensive cultivation yields Up to 20 tons per 
acre can be secured. In Malaya and other countries, 
yields up to 25 tons per acre are reported. The starch 
content is highest when the tubers arc fully mature 
and the net starch yield per acre is higher from 
cassava than from any other cultivated crop includ- 
ing rice Market big Tapioca, 1955, S : Abraham, 

loc. cit. ; Holleman & Aten, 7, 9). 

Storage — Harvested tubers do not keep well for 
more than 4-5 days. Rotting is brought about by 
organisms like Pcnicillunn, Rhizopiis, Aspergillus, 
yeast and a Bacillus sp. Coaling with fungicidal wax 
is reportetl to extend storage life to 16 days ; treat- 
ment with a mixture of ethylene dibromide and 
ethyl bromide (1:1) or with formalin diluted with 
water (i 133) extends the life to 19 and 25 days res- 
pectively. Tubers may be stored under cold storage 
(temp. 32 35*^ F. and R.H. 85-90%) up to six months 
(Subramanyam & Mathur, Bull, cent, Fd technol. 
Res, fust,, Mysore, 1955 5b, 5, no; Majumder, ibid., 
1954-55, 4, 164 : Majumder et al„ ibid., 1955-56, 5, 
loS : Kirpal Singh & Mathur, ibid., *952-53, 2, 181). 

CoMPOsrnoN and Utilizaiion 

Cassava is the staple food of the poorer section of 
tlie population in many tropical countries, particular- 
ly Central and South America, Central and West 
Africa, Indonesia and Polynesian Islands. It is con- 
sumed, like sweet potato, in the form of tubers, chips, 
Hour and sago. In India, cassava, along with fish, 
forms the main item of diet of the working classes 
in Kerala. Young tubers, particularly of sweet 
varieties, are consumed after roasting or boiling, like 
potato. As fresh tubers do not keep well for long, 
they arc cut into slices and dried. Dried slices can be 
stored for several months. They are cooked and 
eaten or powdered into flour and used in the same 
manner as rice flour. In Philippines, tubers are 
grated, juice squeezed out and the residue made into 
pellets : under the name Cassava Rice, dried pellets 
arc used as a substitute for rice and maize. The most 
important commercial use for cassava is the produc- 
tion of starch and sago ; they are produced both on 
cottage and industrial scale in many cassava-produ- 
cing countries, including India (van Royen, I, 99 ; 
Rep, Tapioca Enquiry Comm,, Travancore-Cochin, 
33“37 J Marketing Tapioca, 1955, ^7-^8 « 
Holleman & Aten, 15; Burkill, II, 1417-19). 

Chemical com/)osition— Analysis of the edible 
portion of fresh tul^rs gave the following values: 
moisture, 59.4 ; protein, 0.7 ; fat, 0.2 ; carbohydrates, 


38.7 ; and mineral matter. 1.0%: calcium. 50; phos- 
phorus, 40 ; iron, 0.9 ; thiamine, 0.045 y nicotinic 
acid. 0.3 ; and riboflavin, o.oi mg./ 100 g. The starch 
content of the tuber varies with the type and the 
conditions of growth ; analysis of the edihle portion 
(77.5-88.5‘Xi of the tuber) of 27 types grown in Kerala 
showed that the starch content varied from 78.1 to 
90.1%. dry wt. basis (H///? Bull,, No. 23, 1951, 36; 
Rep, Tapioca Enquiry Comm,, Travancore-Cochin, 
1952. 35 ; Rep, Dep, Res,, Utiiv, Travancore, 1939-46, 
117-18). 

The starch content increases with the growth of 
tubers, reaching a maximum hetween the eighth and 
twelfth months after planting ; thereafter it decreases 
and the fibre content increases. The starch contains 
20?^, aniylose. In vitro digestion with taka diastase 
and pancreatic amylase shows that 48.3V,. of the 
starch present in raw tuhers and 77.9‘X> of starch 
present in cooked tubers are readily hydrolysed. 
Other carbohydrates present in the tuhers in minor 
(juantities arc glucose, fructose, sucrose, dextrins, 
pentosans and mucilage (Sreeraniamurthy, Indian J, 
med. Res,, 1945, --9 • Mukundan, Rep. Dep. Res., 

Univ, Travancore, 1939-46, 399: Brautlecht, 213). 

The tuber contains small quantities of all)umin, 
globulin and glutelin ; prolamine is present in negli- 
gible amounts. The essential amino acids present in 
the total proteins (i.33V^. in the sample) are (g./*6 g. 
N): arginine, 7.74: histidine, *.50: isoleucine. 5.33; 
leucine, 5.56 : lysine, 6.23 : methionine, 0.60 : phenyl- 
alanine, 3.45 : threonine, 3.83 ; tryptophan, 0.53 ; and 
valine, 4.51. Methionine is the limiting amino acid : 
some workers have reported its complete absence. 
Cassava j)rotcins are comparable to rice proteins in 
digestibility : the biological value (Block & Mitcbell 
equivalent) of tbe total proteins is 48 'X. (Kuppuswamy 
et al„ 108 ; Srccramamurthy, Indian J, med. Res,, 
1945, 33 , 229 ; 1951, 39 , 332 ; Ramachandran & Phan- 
salkar, ibid., 1956, 44 , 501). 

Non-protein nitrogen accounts for nearly half the 
total nitrogen of the tuber. Tbe non-protein fraction 
is rich in free lysine : it contains liistidine. cystine, 
arginine, tyrosine and tryptophan (Sreeramamurihy, 
Indian J, med. Res,, 1945, ^^9)* 

The tuber is a fair source of calcium and phospho- 
rus. Analysis of the ash of peeled tuber gave the 
following values: potassium (as K^O), 41.63 ; sodium 
(NajO), 1.20; calcium (CaO), 10.64; magne.sium 
(MgO), 7.35 ; iron 0.66 ; phosphorus (P2O5), 

15.58 ; sulphur (SO3), 3.73 ; silica (SiO^), 0.94 ; chlo- 
rine, 2.75 ; and CO^^, 9.14% ; iodine content of tuher, 
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12 /Ag./kg. (Winton & Winton, II, S7 : Iodine Content 
of Foods, 66). 

The juice of fresli lubcr contains phosphorylase 
and Q-cn/.yine : tlie former catalyses the formation of 
amylose from glucose- 1 -phosphate and the latter 
helps in the synthesis of amylopectin from amylose. 
The tuber contains also ])yro- and glycero-phospha- 
tascs hut no phosphatase ; a- and ^-amylases have not 
been identilied (Murthy ct al., J. sci. indmir. Res., 
'954. OB, 22 3 ; Swaminathan, Bull. cent. Fd tcclinol. 
Res. Inst., Mysore, 1955-56, 5 , 193). 

A cyanogenetic glucoside, linamarin (C,,JI,;0„N, 
m.p. 142-43®), and an cn/.yme linase which hydro- 
lyses it are present in the tuber: some hydrocyanic 
acid is also present in the free state. Bitter types con- 
tain up to 0.077% hydrocyanic at id, while sweet types 
contain less than 0.016% (fresh wt. basis). The acid 
is concentrated mostly in the inner rind ; liesh and 
outer rind contains but small (|uaniities. The major 
part of the toxic principle can be eliminated by peel- 
ing the tuber and washing before consumption. Sun- 
drying after slicing destroys c. 75'V. of the acid and 
cooking with water for 5 minutes removes more than 
S’o%. Commercial tapioca flour of ])eeled tubers and 
suji contain negligible (piantities of hydrocyanic 
acid ; analysis of sam|)les showed that the former 
contained c. 3 p.p.m. while the latter gave a value of 
r. 21.6 p.p.m. kVw cases of poisoning due to tapioca 
consumption have been reported (Murthy. Ph.l). 
'riiesis, Nagpur University, 1955 : Uolleman & Aten, 
lo-ii: Joachim tS: Pandittesekere, Trof). A^rictd- 
turist, 1944, 100, 150). 

Young leaves of sweet varieties of cassava plant arc 
eaten as vegetable. 'Phey contain 20.6-36.4‘V, crude 
protein (on dry wt. basis) : they are also rich in 
vitamins and minerals. Analysis of fresh leaves (from 
Philippines) gave the following values: moisture. 
81.9; nitrogen, 1.183; fat, 1.67: crude fibre, 2.10 : 
and ash, 1.46%: calcium. 124.3: phosphorus. 81.8: 
iron, 5.64 : carotene, 10.774 : thiamine, 0.270 : ribo- 
flavin, 0.342: niacin, 1.74: and ascorbic acid, 256.6 
mg./ KK) g. Leaves and stems are used as feed for live- 
stock : leaves arc considered suitable for rearing silk- 
worms. Dehydrated meal prepared from cassava 
leaves is superior to alfalfa leaf meal in vitamin A 
and protein content and can be used as an ingredient 
of dairy feed mixtures. The leaves of some varieties 
of tapioca contain hydrocyanic acid (up to 89 mg./ 
too g.) : they can be rendered safe for feeding by 
steeping in boiling water |Holleman & Aten, 9 : 
Rogers, Econ. Bot., 1959, 13 , 261 : Charavanapavan, 


Trof). Agriculturist, 1944. 100 , 164 : Clicmur^. 

1950, 9(io), 10: Intengan et ul., FliililJp. J. Sci., 1954, 
83 , 208 ; Lander, 269 : Joachim & Pandittesekere, 
7Vr>/). Airrlculturist, 1944, 100 , 150I. 

C’ass.wa (Tapioca) Pkodccis 

Tapiocd chips- -Two kinds of chips are prepared: 
plain dried (white chijis) and parboiled chips. The 
former are prepared from peeled tubers by slicing and 
sun-drying : parboiled chips are prepared by drying 
slices previously immersed in boiling water for 10 
minutes. Both types are consumed after cooking or 
frying. White chips are used for the preparation of 
tapioca flour : inferior grades of chips are used as a 
substitute for grains in animal feeds. They are parti- 
cularly valued for fattening pigs {Rep. Marketing 
Tapioca, 1955, 27 28 : IS: 1317-1958 : i5<x;-i959). 

J^lain dried and |)arboiled dried chips are classified 
in the trade into three grades: Grade I, pure white 
with skin and rind removed : Grade IF. pure white 
with only skin removed : Grade III, dull brownish, 
due to improper dryitig or delayed conversion of 
tubers. Table 3 gives the Indian standard specifica- 
tions for chi|)s. 

Dried chips are stored in wooden bins or rooms. 
White chips keep well for 6 months in the dry season, 
but are liable to get mouldy in about 3 months 
during the monsoon. Parboiled chips keep well for 
12 months. Stored chips are subject to infestation by 
Araecerus fasciculatus DeG. and Stcfrobium pani- 
ccuni L. Storage in jute bags impregnated with 
Lindane-Dieldrin mixture is recommended : fumiga- 
tion of stores with methyl bromide and eibylene di- 
bromide is effective in controlling insect infestation 
(Rep. Tapioca Enquiry Comm., Travancore-Cochin, 
1952, 22 : Pingale et al.. Bull. cent. Fd technol. Res. 
Inst., Mysore, 1955-56, 5 , 134). 

Tapioca flour Tapioca flour, prepared by grind- 
ing while chips is used in confectionery, biscuits and 
other processed foods. It is used also as an adulterant 
of cereal flour. Blends of w heat and tapioca flour are 
used in the j)reparation of bread and cliapati. Trials 
have show'll that tapioca flour can be mixed with 
wheat or rice flour up to 25';;', without affecting the 
nutritive value. Tliere is a distinct improvement in 
grow'th rate of rats, w'hen fed on rice-tapioca diet, as 
compared to rats fed on rice alone. Table 4 gives the 
chemical composition of tapioca flour {Rep. Market- 
ing Tapioca, 1955, * Abraham, Farm Bull., Indian 

Conn, agric. Res., No. 17, 1956, 14 : Subrahmanyan 
cl al, Brit. J. Nutr., 1954, 8 , i ; P^ood Sci., 1958, 7, 4). 
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TABLE 3— STANDARDS FOR EDIBLE TAPIOCA PRODUCTS* 
((inures tivo niaxiiiuiin |HTiiiissihlt’ values) 



Starch 

Saj;t>| 

.XEmmuit, 

13.0 

12.0 

(dry b.'isis), 

0.4 

0.4 

,\ii(l .'isli (drv basis). 

0.05 

0.075 

/dl (if a«|. <’\lr. 

4.5 7.0 

4.5 7.0 

Crude fil)iv (dry basis). 

0.2 


.Si/e 


(1)) 


Flour 

.A. 


('hips 

- 


Hutnaii 

Animal 

Miiman 

Animal 

consumption 

fcccltt 

consiiniption 

feedtt 

I.YO 

13.0 

13.0 

13.0 

1.8 

2.5 

l.S 

2.5 

O.I 

1.0 

0.1 

1.0 

4.5 7.0 


4.7 7.0 


1.8 

2.5 

2.0 

3.0 

(c) 

(d) 

12 Him. 

15 mm. 

thickness 

thickne.ss 


MS: S'>‘; LU9 1'>5S; I.US ULSH ; 1510 1059; 1517 195S ; 1509 1959. 


I Loss (0 Miliils (luring cooking. >50*.,. with individual glohii'e.s retaining original shape; colour ol ge!;i 
in l.(nil»ond scale. > 1 K f 5Y ; 1 M Ivdrocvanic ;tcid. >0.03; crude jn'otein. <2.0; and crude fat, <0.4 '... 
retained on IS Sic\e S (aperture 75 a) at d >0.5’*., on IS Sieve 15 (aperture 151 u) : (b) <95'\, shall pass ihroi 
relaimd on IS Sie\e S5 ; (e) >5".' retained on IS Sieve 15 ;(d» >5'\, retained on IS Sieve 160 (aperture. 1.60 


colour of ge!alitii/.ed alk.aline paste 
drv basis; (a) >2",, 
hrough IS Sie\e 170, but 
ruin.). 


(ii Alcoholic acidity (as sulphuric acid). 0.1 5^\, 


1 ABI E 4 -COMPO.Sl HON OF TAPIOCA PRODUCTS AND 
NATURAL RICE 



(fijjures 

j^ive percentages) 



rapioc; 

Hour* 

1 I'apiiH.'i 

m.ic.'ironii 

Tapioca 

m.icaroiiii 

(coated 

with 

calcium 

caseinate) 

Natural 
rice t 
(raw 
milled) 

.Mni'.tnre 

9.5 

10.6 

9.S 

12.5 

Protein 

1.6 

11.2 

14.4 

6.6 

F.n 

0.4 

1.9 

1.9 

0.5 

Fibre 

O.K 

0.7 

t».7 

0.2 

Ash 

l.S 

l.S 


0.6 

(^'irboh\ (bates 

S4.9 

73.S 

71.0 

79.(, 

Cal( iiini 

0.06 

0.05 

0.22 

0.01 

Phosj)horns 

O.OS 

0.14 

0.15 

0.12 

Iron. rnj;;. 

3.5 

2.9 

2.S 

1.8 

Thiamine, m^;;. 

0.08 

0.22 

O.bS 

O.Il 

\it otinic 
acid. in;;:f. 

1.10 

3.7 

3.6 

1.2 

Uiboflaxin, 

0.03 

0.07 

0.06 

0.02 

*Subrahm;mvan, 

ttull. ccnl. F(i l cell not. 

Res. hi.sl.. 

Mysore 


1952 53, 2 , 4^; t Subrahiuaiiyaii cl al., ibid., 1954 55, 4 , 55. 


"lapioca chips and rapioca Hour are in demand for 
the production of glues and adhesives. About 25,000 
tons ol rapio(a Hour are used by the wood veneer 
industry and a similar (piantity for the manufaclure 
of adhesives. Tapioca Hour is also used as an ingre- 
dient of Kunikiim used by women in India as a mark 
of decoration (Abr-tham, loc. cit. ; Rep. Marketing 
1955, 2H). 


T (ipiocfi .suji Tapioca siiji is prepared from peeled 
tubers after slicing, washing, steaming, drying, 
grinding and finally grading the |)rodiuT. It is used 
as a substitute for wheal sitjl in the prejiaration of 
sweet and savoury dishes fSwaminaihan rt uL, Bull, 
cent. F(l teelinol. Re.s. Inst., iMysnre, 1952 -55, 2, 79 : 
Rep. Marketing Tapioca, 1955, 28 29). 

Tapioca starch — Tapioca starch is protiured from 
washed and peeled tubers, hv grinding with water 
and settling. Peeled tubers are washed and ground 
with water into a slurry or starch milk in mechani- 
cally or haiul operated grinders. The slurry is passed 
through strainers to eliminate fibrous impurities and 
.settled in tanks. Small (piantiiies of sulphuric acid 
or alum may be added to the .settling tank to aid 
.sedimentation : sulphur dioxide or chlorine may be 
used for bleaching. The starch which settles at the 
bottom of the tank is repeatedly washed, dried and 
sieved. A yield of 20 25VU of starch on the fresh 
weight of the tuber is obtained. Bitter types, e.g. 
Nediimangadan and Kattan, are preferred for the 
production of starch as they contain a high percen- 
tage of starch (Rep. Marketing Tapioca, 1955, 26-27 : 
Hollcman & Aten, 48-49). 

Tapioca starch is compo.sed of small granules, 
5-35M (av. 15 m) in .si/e. It forms a thin, homogeneous, 
adhesive paste of high viscosity when boiled with 
water. It is extensively employed in sizing and finish- 
ing textiles, laundering, paper making and manu- 
facture of adhesives and cosmetics. I'inishes from 
tapioca starch have a high gloss and are flexible and 
durable. For laundry use, it is regarded as inferior to 
rice starch. Tapioca starch is also used for edible 
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TABI .E 5-PRODUCI ION 8 c CONSUMPTION OF TAPIOCA S I ARCH IN 
TEXTILE INDUSTRY* 



Production 

Dflivcri 


(ton . 9 

(tons) 

1957 

2,874 

2,865 

195S 

2.585 

2.546 

1959 

5,667 

5,.>95 


* Sfatist. Hull. ('oil. Tcxl. lud., Hatnbax. 


purposes, Tor making puddings, liiscuifs and conlcc- 
lionery (Rcl^ Markclhig Tapioca, 1955, 27; IS: 
1319-195S : Brauflerhr, 225 ; Rrp. 'rapioca Enquiry 
Comm,, Travancore-Cochin, 1952, 46). 

Ta|)ioca starch can he used lor the manufacture of 
glucose and dextrin and also for the fermentative 
production of alcohol. A process for the preparation 
of sweet syrups from tapioca starch has IxTii deve- 
loped ; it consists in adding starch slurry, slowly and 
with constant stirring, to boiling water c’ontaining 
dilute hydrochloric acid and autoclaving. High 
coinersion syrups suitable for table use are obtained 
by employing 0.3-0.35% hydrochloric acid : at Icnvcr 
(oncent rations of acid (0.2 0.25".,). syrups useful for 
Iruit camiing are obtained (Rep, Markcling Tapioca, 
1955. Krishnamurti, Cnrr, Sci,, njOo, 29, 346: 
Desikachar cl al,. Ball, ccni. Fd tcclinol. Res, inst,, 
M\sore, i(;52 53, 2, 180). 

Fapiocii starch is manufactured mainly oti a 
cottage industry basis in Kerala and to some extent 
in Madras ; there are also a few large scale factories. 
Clonsiderahle c|uantities of starch are distributed to 
consuming centres throughout India. Table 5 gives 
the consumption of tapioca starch by the textile 
industry in recent years. Three grades of tapioca 
starc h are recogni/ed. The best grade is bright white 
in colour with no foreign matter and has not 
more* than 12".. moisture and 0.2".. total ash. 
Standard specifications for various tapioca products 
are given in 'Fable 3 (Rep. Marketing Tapioca, i(;55. 

.>0-3- )• 

Tapittca sago -For the production ol sago, the 
tubers .are [)rocessed in the same way as for starch. 
Washed starch from .settling tanks is dried in the sun 
to c. 50‘V, moisture and made into globules by 
shaking in cloth hags or by the use of mechanically 
operated granulators. The globules are then gradcal 
by passing through standard sieves. They are gelati- 
ni/ed by roasting them for c. 15 minutes on hot pans 


smeared with coconut oil. Fhey are linally dried in 
a hot air drier (40 50' ). "Fhe yield of sago is reported 
to he c. 25% of the weight of fresh tubers \Rep. 
Marketing Tapioca, 1(^55, 12, 22 ; Indian Tarilf Bd, 
Rep. 0)1 the Sago (Tapioca glohnies) Indnstrx, 1 CJ 50 ; 
llie Indian Sago hidustry, (lent. Fd technol. Res. 
Inst.. Mysore. 0)55. 17 : Subrahmanyan ct al., Sci. 
Call,, i 95 c;- 6 o. 25, 343 1 . 

Tapioca sago is prociucc'd by a number of small 
and big units, mostly locatc'd in Salem district 
(Madras State). Production has gone up considerably 
since World War II. l"rom about 40 units with an 
out-turn of 22.875 tons in i<;5o, the number of units 
increased to 125 in 1958 with a production of 3S.(/)8 
tons. 'Fotal production capacity of .sago factories is 
estimated at 53.oo<) tons. 'Fable 6 gives the produc- 
tion of sago in India. The industry is in a position to 
meet all domestic demands and has suilicienl surplus 
for export. The industry has enjoyed tarilf protection 
during 1950-59. 1’here is practically no import of 
.sago into India at pre.seni. Sago globules are classi- 
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TABLK 6-PRODUCTION OF SAGO* 



Qly 

(Ions) 

1951 

22.S75 

1 952 

21,S68 

1 955 

24,000 

1954 

I8,0S6 

1955 

22,041 

1956 

50,817 

1957 

.t7,2I5 

I95S 

58,968 


* Iiit'orinalinii I’nuii Salem Sago ^^nml|■a^tllrc•rs’ Association ; 
rurilf Comtnission, Refi. ou the Coutinuamr of Protection to Sai^o 
(Taf^ioca ^ilohulcs) Industry, (iovt. of India, l‘>54, 1937, 1959. 

fial into four grades according to size, colour and 
degree of roasting. The grades arc: (irade 1 , milky 
white globules, well roasted ; Grade II, colour slight- 
ly dull, hut well roasted ; Grade III, colour dull, hut 
containing a small percentage of half roasted 
globules : and Grade IV, other than those specified 
above. Sago is packed in gunny hags (205 lb./ bag) for 
the market. 

'I'he (|uality of tapioca sago depends largely on the 
([uality of starch from which it is derived. Well 
gelatinized globules with a creamy white lustre are 
comparable in (juality ami nutritive value to import- 
ed palm sago. Atialysis of 21 samples, collected from 
dillerent factories in Salem, gave the following 
ranges of values (av. figures in brackets): moisture, 
1 1. 1 -13.* (*2.:!); nitrogen, 0.012-0.024 (0.02); total 
ash, 0.12 0.49 (0.25) : acid insol. ash. 0.01-0.16 (0.06) ; 
fibre, 0.0 12.5 (5/)); and loss of solids during cook- 
ing, 5.2-45.4 (21.3) %: fyil of a(|ue()iis extr., 4.2-5.2 
(4.S): colour of gelatinized alkaline paste (Lovibond 
units), 0.7 R-i- 1.0 Y to 1.2 R f 3.9 Y (1 R 1 2.1 Y). The 
majority of samples conformed to the Indian stan- 
dard spec ificaiions for sago (Table 3) (Stibrahmanyan 
rt al.y Bull, cent, i'd iccliiiol. Res. Inst., Mysore^ 
5 , 77 : Rely. .SV/go Expert Comm., Minist. 
Gomm. <S: Ind., Govt, of India, 1956, 14). 

Sago is used as infant and invalid food and for the 
preparation of |)tiddings. It is commonly consumed 
as a porridge, mixed with milk and sugar, or after 
soaking in curd or butter milk with salt and spices. 
In vitro digestibility studies have shown that cooked 
sago is digested to a greater extent than uncooked 
sago ; the latter is digested at a faster rate than raw 


starch. No appreciable difference was observed in the 
digestibility of uncooked or cooked sago prepared 
from different starches {The Indian Sago Industry, 
Cent. Fd icchnol. Res. Inst., Mysore, 1955, 6, 18 ; 
Rao, Mysore agrie. /., 1951, 27 , 70; Stir et al., Bull, 
cent. Fd teehnol. Res. Inst., Mysore, 1955-56, 5 , i). 

A product similar to sago, but .somewhat coarse, is 
produced in Indonesia, and is known in the trade as 
Tapioca Flakes. It is produced by rubbing moist 
starch (c. 50% moisture) against a screen (20 mesh/ 
inch) and baking the grains in shallow pans 
(Holleman & Aten, 71-72). 

Tapioca :easte— The fibrous waste obtained as a by- 
product (yield, 10 20%) in tbe extraction of .starch 
and sago is locally known as tippi. Analysis of a 
dried sample of tippi from a .sago factory in Salem 
gave the following values: moisture, 11.2; crude 
protein, 0.85 ; fat, 0.3 : starch, 56.2 ; crude fibre, 10.6 ; 
reducing sugars, 1.2 ; hemicellulose, etc., 18.2 ; and 
ash, i.457n. A process has been worked out for the 
recovery of starch (yield, 22-28';/,) from the waste. 
Tapioca waste is used as feed for cattle and pigs and 
as raw material for the production of adhesives 
(Suhrahmanyan et al.. Bull. cent. Fd teehnol. Res. 
Inst,, Mysore, 1955-56, 5 , 80 ; Rep. Marketing 
I'apioca, 1955, 28 ; The Indian Sago Industry, Cent. 
Fd teehnol. Res. Insi., Mysore, 1955, 25 ; Grist, 167). 

Tapioca macaroni This product, developed at the 
Central hood Technological Research Institute, 
Mysore, is essentially a blend of tapioca flour (60 
parts), low-fat groundnut Hour (15 |)arts) and wheat 
semolina (25 parts). The ingredients are mixed, 
kneaded after adding boiling water into a dough and 
extruded under pressure through a rice die provided 
vvilh mechanical cutters, 'i’he product is dried by 
blowing hot air at l io"". Dried grains are given a thin 
coat of calcium ca.seinate. The finished product has 
the a|)pearance of undermilled rice and fair keeping 
(piality. It can be cooked and consumed in the same 
way as rice ; the cooking time is, however, much less 
(5-6 min.). It contains almost twice as much protein 
as rice and is richer in minerals and vitamins 
(Table 4). It is superior to rice in nutritive value and 
feeding trials on school children have confirmed its 
utility as a food grain (Suhrahmanyan et al., Nature, 
Lund., 1954, 174 , 199; Bull. cent. Fd teehnol. Res. 
Inst., Mysore, 1953-54, >62 ; 1954 55 » 4 , 55 ; Food 

Sci., 1958, 7 , 87). 

Tapioca macaroni has been produced on a pilot 
scale (i ton/day) at the Central Food Technological 
Research Institute, Mysore, in three forms, viz. rice- 
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shaped grains, short tithes and shells : the eosi works 
our to 25 nl\/lh. 'I'he (iovernmenr of Kerala are plan- 
ning to install a plant with a lapacity of 20 tons per 
day (Suhrahinanyan cl al.. Res. c’’ Ind., 195S, 3 , 270 : 
Haiti <S: Parpia, RuU. Fd Sci. F\l. Serv., No. 1, 1958). 

Oilier l^rnduets — A granular product, called 
Farinha, is prepared in S. America from tapioca by 
pressing out the juice iti a wooden screw presas and 
fermenting the |)ulp for c. 3 days. The fermented 
material is pounded and ruhhed through a sieve to 
yield a meal which is then roasted over a slow fire, 
'rite product is used as food in times of emergency 
(Holleman & Ateti, 14 15). 

Iti 8. America and West Indies, the juice s(|iiee/ed 
out from the tithers is concentrated itito a sauce 
(Cassareep) which can he kept indelinitely. It is used 
as aperient and as preservative for fish and meat 
(Ilollcman & Aten, 15). 

Trade — A small (piantity of tapioca sago is export- 
ed to some neighbouring countries. Tapioca flour and 


lABLE 7 — export of TAPIOCA FLOUR FROM INDIA 
tyiy in rwt.) 


tN)iinlry 

1^57 

I‘>.S8 

I‘>5‘> 

Wfsl (k'rinaiiy 

.S5,5W> 

5-t‘>,*>41 

5S6.745 

NctluTlaiids 

I. ‘>16 

164,560 

‘>S,S72 


ys‘> 

41,507 

24,7 IS 

(VyNm 

15‘> 

1 ,505 

1,160 

Br. Somaliland 

1 .000 



'Fotal (,>ty (rwt.) 

62,660 

716.604 

710,501 

Total V'al. (Ks.) 

S00,022 

S.4t6,S50 

7,42S,26‘> 


starch are in demand in some countries of Kiirope. 
Table 7 summari/es available information on the 
export of tapioca Hour from fndia in recent years. 
Small (|uantities of tapioca chips were exported in 
1958, mainly to West Germany (2,954 cwt.) and 
Netherlands (2,000 cwt.). 

M. glaziovii Muell. Arg. Ckaka Ri bulk, M.\Ntc.oBA 
Rubbkk 

D.K.P., IV, 374 ; C^P., 657 ; Bailey, 1947, II, 1992. 

A small laticiferous tree, to- 12 m. high, with a 
thick hark which |)eels off in horizontal strips. Leaves 
3 7 palmipartite, long petioled : Hoivers unisexual ; 
fruits ca|)sular, sub-glohose, 2-5 cm. in diam. : seeiis 
flattencfl with hard coat, mottled grey and brown. 

M. ^lazinvii is a native of the semi-arid north- 
eastern area of Brazil, inirodtued into this country 
and reported to thrive well in Nilgiri hills, Malabar, 
Assam and Orissa, up to an elevation of i,2(X) m. It 
was formerly cultivated in Coorg (Mysore State) for 
its latex. It is easily propagated by seed or by cutting 
and is often grown as a hedge |)lant in parts of 
Kerala. It is hardy and reijuires little attention when 
once established ; it grows fast and attains a height 
of c. 12 m. and a girth of 75 cm. in a few years 
(Schery, Feoti. Bol., 1949, 3 , 240 ; Abraham, Indian /. 
Genet., 1957, 17 , 212 ; Troup, III, 854). 

'Phe tree is tapped for latex when 4-5 years old. 
The latex coagulates immediately on exposure but 
coagulation may be delayed by removing pieces of 
bark at the tapping site and painting with dilute 
acetic, citric or carbolic acid. The yield of latex from 
plants grown in India is poor : the (]uantity of rubber 
averages to i oz. per tree, as against 4 oz. and up- 
wards per tree reported from some other countries. A 
great deal of variability in yield is observed between 
individual plants and it has been suggested that those 
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FIG. 98 . MANIHOT GI.AZIOVII-FI.OWFRING AND 
FRUITING BRANCH 


yielding a thin watery latex should l)e rejected, hy 
test tapping when they arc 2 years old, and replaced 
hy types giving thick latex ; iiowever, some trees 
which give unsatisfactory yields in the beginning arc 
known to yield better when they become older. The 
horny outer hark makes tapping difHcull and wounds 
caused hy tapping do not heal quickly in moist areas. 
Further, the tree is not adapted for continuous tap- 
ping and the average yield of rubber is poor when 
compared to that obtained from Uvvea. For thc.sc 
reasons, this species has not proved successful as a 
commercial source of rubber (Nicholls & Holland, 
492-93 : Burkill, II, 1409 10 : Krumhicgel, 9 ; Schery, 
loc. cit.). 

The rubber obtained has a good appearance, hut 
the resin content (3- 12 Vo) is rather high. A sample of 
latex coagiilum from Wynaad (Madras State) con- 
tained : caoutchouc, 92.5 : resin, 4.3 : and insolubles, 
3.2/n (Burkill, 11 , 1410; Budhiraja & Beri, Indian 
For. Lrafl., No. 70, 1944, 1 1). 

The roots arc large and tuberous and contain 
starch. The leave.., flowers, fruits and rootbark are 
cyanogcnctic. Leaves arc, however, browsed by 


* animals ; they contain a hitter principle. Flowers are 
a rich source of nectar for bees (Burkill, II, 1410 ; 
Wchnicr, II, 691). 

The seeds (wt. of single seed, c. 0.5 g.) have a hard 
woody shell. The kernels (25-45% of seed wt.) yield 
35-42% of a greenish yellow drying oil (Manihot 
Seed Oil) with a slight bitter taste ; the physico- 
chemical constants of the oil are as follows: sp. gr.**", 
0.9238-0.9258; 1.467-1.468; sap. val., 189-193; 

acid val., o.f^i.7 ; iod. val., 135-138 ; R.M. val., 
0.4 -0.7 ; and unsapon. matter, o.^-o.g%. The oil docs 
not contain any conjugated fatty acid. It may be 
blended with linseed oil and used in the paint and 
varnish industry (Jamieson, 280-81 ; Eckey, 586). 

A/, dichoioma Ulc and M. piauhyensis Ule are 
species closely related to A/, f^laziovit, grown in Bota- 
nical Gardens at Calcutta and Bangalore. The former 
is a slender but tall tree, with a characteristic di- or 
trichotomoiis branching. The latex obtained by 
tapping the trunk yields rubber of good (juality. 
Af. piauhyensis is a rather low tree with gnarled and 
spreading branches and laticifcrous tap root. The 
seed kernels contain c. 48Vf» oil with the following 
characteristics: sp. gr.^*’’, 0.9225; , 1.4681 ; sap. 

val., 187.7 ; acid val., 1.6 ; iod. val., 144.4 ; R.M. val., 
0.42; and unsapon. matter, 0.78V0 (Krumbiegel, 10: 
Schery, loc. cit. ; Jamieson, 281). 

Manila Hemp — see Musa 

MANILKARA Adans. (Sapotacrac) 

A genus of trees distributed in the troj)ics. Three 
species are found in India ; A/, kauki, an exotic 
species, has been introduced in gardens. 

M. hexandra (Roxb.) Dubard syn. Mimusops hex- 
andra Roxb. 

D.E. 1 >., V, 291 ; FI. Br. Ind., Ill, 949 ; Kirt. & Basil, 
PI. 584. 

Hindi— K// in/t ; Bknc. — Khirkhejur ; Mar. — Ran- 
jana, ra\an, raini ; Guj. Rayan, khirni ; Tel. — 
Manjipala, pala ; Tam. — Palla, palai ; Kan. — 
Baktda ; Mal. — Pala; Oriya - K///n‘, khirakuli. 

A small to medium-sized evergreen tree with a 
spreading crown and straight massive bole, found in 
central Intlia and the Deccan Peninsula : it is culti- 
vated throughout the greater part of India for orna- 
ment and also for the sweet edible fruit. Bark dark 
grey, deeply furrowed : leaves elliptic-obovatc or ob- 
long, coriaceous ; flowers solitary or in fascicles, white 
or pale yellow ; berry ovoid or ellipsoid, c. i. 5-2.0 cm. 


298 



MANILKARA 



FIG. 99. MANILKARA HRXANDRA-FLOWERING BRANCH 

long, reddish yellow : seed i, rarely 2, ovoid, 
1. 0-1.5 i*cddish brown, shining. 

A/, hexaudra is common in the dry evergreen 
forests of Deccan, especially on sandstone and late- 
rife ; in very dry situations it becomes stunted and 
even shrub-like. The tree is a light demander and 
natural reproduction by seed does not ordinarily take 
place under a dense canopy ; seed fellings have, there- 
fore, to be heavy and the best method is to girdle the 
frees adjoining seed bearers. Even in gaps so made, 
seedling growth is poor because of the irregularity 
of good seed years and large scale removal of edible 
fruits by animals and man. Young plants require low 
shelter, which is obtained in high forest by sparing 
the forest undergrowth which protects the soil and 
spares the fruit. The tree may be artificially propa- 
gated, like Mimusol)s elengx Linn., by seed during 
rains. The tree flowers from November-January and 
the fruits ripen from April-July (Troup, IT, 639-40 ; 
Firminger, 465). 

M. hexaudra yields a strong dense timber. The 
sapwood is pale reddish to brownish white, sharply 
defined ; heartwood red to light purplish brown with 
darker lines when freshly cut, turning dark vinous 
red to purple or purplish black on exposure, dull, 
smooth, fairly straight to irregular or shallowly intcr- 
locked-graincd, even- and fine-textured, hard, tough. 


strong and heavy (sp. gr., c. 1.09 ; wt., c. 70 Ih./cu.ft.) 
(Pearson & Brown, II, 683-85). 

The wood is refractory to season and liable to com- 
pound end-splits and wavy surface cracks : girdling 
the trees 2-3 years before felling has been recom- 
mended. The timber is very durable even in contact 
with water, resistant to termites and needs no anti- 
.septic treatment. It is difficult to saw, especially when 
seasoned. It works to a smooth surface and takes a 
good polish. It is commonly used for sugar mills and 
oil presses, piles, posts, joists and beams in construc- 
tion, and agricultural implements and carts. It is 
suitable for mallet heads, rollers, railway keys and 
brake blocks, tool handles, turnery, furniture, panels, 
walking slicks and for such other articles where 
toughness and hardness are of importance (Pearson 
& Brown, II, 685 ; Ixwis, 252 ; Kapadia, /. Gujarat 
Res, Soc., 1954, 16 , 15, 21 : Gamble, 451). 

Ripe fruits of the tree are eaten fresh or dried : 
they are sweet but astringent. An analysis of ihe fruit 
gave the following values: moisture, 68.61 ; protein, 
0.48 ; fat (ether extr.), 2.42 ; carbohydrates. 27.74 : 
and mineral matter, 0.75%: calcium, 83 mg.: phos- 
phorus, 17 mg. ; iron, 0.92 mg. ; carotene (as vit. A), 
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FIG. too. MANILKARA HEXANDRA-TRANSVERSE SECTION 
OF WOOD (xlO) 
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675 i.u. : thiamine, 70.33 /<g. : rihoHavin, 77.41 /tg. ; 
nicotinic acid, 0.66 ing. ; and ascorbic acid. 15.67 mg./ 
too g. (Rep. /)cp. Niitr. Govt, Bombav, 1957, 26). 

The seeds (wt.. 13.2 g./ seeds) on extraction 
with ether or light petroleum yield 24.6*;;, (47.2% in 
kernels) of an edible oil, known commonly as Rayan 
Oil ; when pressed in a ^hani, the yield is i7.5"(.. The 
oil is pale yellow in colour with an odour re- 
miniscent of olive oil : pressed oil has the follow- 
ing characteristics: sp. gr. 0.9150: n”" , 1.4527: 
acid val., 1.34: sap. val., 191.1 : iod. val., 65.1 : acet. 
val., 5.4 ; and tmsa|)on. matter (containing probably 
ergosterol), 1.02'V.. The fatty acid composition of the 
oil is as follows: palmitic, 18.9; stearic. 14.1 ; ligno- 
ceric, i.i : oleic, 63.2 : and linoleic acid, 2.7‘V,. The 
oil deposits ‘stearin* at 30° (Patel, ]. hulion Inst. Sci., 
1924. 7, 71). 

'J*he .seeds contain a bitter .saponin which is left 
in the cake after the extraction of oil : a .sapogenin, 
hassic acid (C.,„H m.p. 319-24'"), has been i.so- 
lated. The seed cake (N, 1.5“..; P, o.2Vn) has low 
mamirial value (Patel, loc. cit. : Clicni, Abstr., 1(940, 
34 , 6636). 

The leaves are used as cattle fodder. The average 
c'om|)osition of the leaves is as follows (dry basis): 
crude protein. 9.3 ; ether extr., 6.2 ; N-free extr., 
53-9 * crude iihre, 23.3 : total ash, 7.4 ; insol. ash, 
(\8 ; |)hos|)horus (PaO;,)’ ^>-49 • ^tnd calcium (CaO), 
2.00'V, (Patel & Patel, Indian ]. a^ric. Sci, 1957, 27 , 
3 « 7 )- 

The tree yields a gum. The hark contains 10% 
tannin and may be u.sed for tanning purposes. It is 
used in fevers and as a general tonic. The hark 
retards the fermentation of toddy. The seed oil is 
considered demulcent and emollient. A/, hexandra 
has been successfully used as a root-stock for Achras 
zajynta ; the methods usually employed arc inarch- 
ing and side grafting |Kdwards c/ al., Indian For, 
Rrc., NS., diem. & Minor For. Frod., 1952, 1(2), 
153: Howes, i(;53, 281; Kirt. Sc Hasu, 11 , 1497: 
Krumhiegel, 22: Naik, 424: Cheema et al., 362. 

3671- 

M. kauki (Linn.) Duhard syn. Mimusops kauki 
Linn. 

n.E.P., V. 252 : C.P., 627 ; FI. Br. Ind., Ill, 549 ; 
Kirt. & Basil, PI. 583B. 

I IiNDi Sc Guj. — Khirni ; Mar. — Kauki ; 'Fam. - 
Palai : Kan. — Hadari, hale, nemi, pale, patalli ; 
Mal. — Manilakkara, palamitnippala ; Oriya — 

Talvrynta, 


A meditim-.sized tree occa.sionally cultivated in 
dilferent parts of India for ornament and its fruit. 
Bark greyish brown, deeply li.sstired : leaves ellijuic 
or ohovate ; flowers in dense clusters near ends of 
branches, white : berry ovoid-globose, orange-red, 
2 -3.75 h)ng, edible : .seeds 2-4. 

limits are eaten raw or cooked : they are sweet, 
slightly acidic, hut rather insipid (Burkill, IT, 1421). 

The root and hark of the tree are considered 
astringent and are given in infantile diarrhoea : they 
are also u.sed for beriberi. Ground leaves are u.sed in 
poultices for tumours. The seeds are considered tonic 
and febrifuge. They contain c. of fatty oil and 
i‘’.. saponin. The viscid gummy latex exuding from 
incisions in the hark yields an inferior type of gutta 
|)crcha. M. kauki has been tried as a root.stock for 
Chinese in Malaya for making collins (Burkill, II. 
(;^o : C'heema rt al., 367). 

The wood is strong and durable. It shows no 
lendenev to crack and can stand friction. In eastern 
Malaysia it is used for mills, uprights of houses and 
for furniture. It is re|)orted to he valued by the 
Chinese in Malaya for making coHiiis (Burkill, II, 
1421). 

M. littoralis (Kur/) Dtihard syn. Mimusops lilto- 
ratis Kurz Ammman Bri.t.i'.i wood 

D.F.P., V, 253 ; V\. Br. Ind., 111 . 54(7. 

/Xndaman.s — Pinle-mohzva, do^ola. 

A large evergreen tree, up to 36 m. in height, and 
4.8 111. in girth, found in Andaman and Nicobar 
Islands. Bark blackish brown, thin, furrowed in old 
trees : leaves elliptic or ohovate. crowded towards 
ends of hranchlets ; (lowers .solitary and axillary, 
greenish white, fragrant : berry depre.ssed gloho.se, 
c. 3.75 cm. diam. : seeds 5-6. 

The tree is common in mixed littoral forests, for- 
ming at times a pure fringe which acts as a protec- 
tive belt against the .south-west monsoon (Troup, II, 
640). 

Andaman hulletwood is a hard, strong and heavy 
(sp. gr., c. 1.06: wt., 68 Ih./cii. ft.) timber. The sap- 
wood is pale reddish to brownish white, sharply 
defined ; hcartwo(xl light red with darker lines, 
ageing to light brownish red, with smooth greasy 
feel, straight- or slightly interlocked-grained, even- 
and fine-textured (Pear.son & Brown, II, 686 87 : 
Idmaye, Indian For, Rec., N.S., Timb. Meeh,, 1954, 

The wood is diHicult to season as it is liable 
to develop long, deep and fine end-splits and surface 
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cracks ; girdling the frees reduces the tendency to 
split. The timber is durable and does not recjuire 
any antiseptic treatmeni. It is resistant to termites, 
hut is attacked by teredo. The timber is difficult to 
work and drive nails into. It finishes well and takes 
a good polish. The data for the comparative suitabi- 
lity of the timber, expressed as percentages of the 
same properties of teak, are: wt., i6o ; strength as a 
beam, 140 ; stiffness as a l)eam, 155 ; suitability as a 
post, 140 : shock resisting ability, 155 : retention of 
shape, 50 ; shear, 175 : and hardness, 250. 'The wood 
is used for heavy construction, bridges and piles. It 
is suitable for mine work, agricultural implements, 
wheels, crushers and pounders. It may he em|)loyed 
as a substitute for vitae (Guaiaciim ojjieiuale) 

for the manufacture of wooden hearings. The wood 
is fairly ornamental and suitable for small furniture 
(Pearson Brown, II. 687-S8 : (Gamble, 452 : 
I.imaye, Indian For. Rev., N.S., Tinih. Mech., 1954. 
1, Sheet No. 14 : Trotter, 1944, 195). 

The hark yields a red dye. The flowers are eaten, 
hut are said to have a sickly sweet taste ('Trot ter, 
1940, 279 ; Parkinson, 196). 

M. roxhnrfrJiiana (Wight) Duhard syn. Mwinsops 
roxhnrtrhiana Wight (TAM.- Kanapalei ; K.w. — 
Rcufra'j is a large tree found in South India up to an 
altitude of 1,500 m. The wood is reddish brown and 
strong : it is used for house building. The fruit of 
the tree contains c. 5870 total sugars, of which 
0.028*^;, is lactose (FI. Madras. 766 : Reithel cV 
Venkataraman, .Sc/V/zee, 195^, 123, 1083). 

Manioc — sre Manihot 

MANISURIS Linn. (Graminear) 

FI. Br. Ind., VII, 154 : VI Madras, 1759. 

A genus of annual or perennial grasses distributed 
in the tropics. Two or three species occur in India. 

A/, mynrus Linn. syn. Rolthoellia tnynrns Benth. 
Nalla panuku ; Tam. -Waritsira pilin) is a 
tufted perennial with creeiting stems and linear, 
glabrous leaves, 4.5-5.0 cm. long, common in dry and 
sandy places, up to 600 m., in the Deccan Peninsula. 
It is a good fodder grass (Rao, /. Bombay nal. Hist, 
.Soc., 1956-57, 54, 679). 

Manisuris granularis — see Hackelochloa 

Manna — see Alhagi, Bamboos, Eucalyptus, 
Fraxinus, Pinus, Tamarix 

Manna Grass — see Glyceria 


MANSONIA Drummond (Sien niiaceae) 

A small genus of trees found in Africa, India and 
Burma. One species is found in India. 

M. dipikae Purkayastha 

Purkayastha, Iiulian For., 1947, *4* 

Assam — Lapse, hadam. 

A large evergreen tree, 25 35 m. in height and up 
to 3 111. ill girth, found in the Naga and neighhour- 
ing hills of Assam. Bark greyish wliite with longi- 
tudinal fissures ; leaves ovate-lanceolate to ohovate- 
ohlong : (lowers in paniculate cymes, white : fruit <»f 
1-5 spreading samaras. 

A/, dipikae is a good timber tree. The sapwood is 
whitish or light yellow, somewhat lustrous : heart- 
wood greyish brown to dark brown, often with a |)ur- 
plish tinge and occasional lilack streaks, straight- 
grained, medium fine- to somewhat coarse-t ex lured, 
hard and heavy (wt., 40-42 Ih./cu. It.). The wood 
does not appear to he refractory to seasoning, hut is 
somewhat so to pressure treatment. It is easy to work 
to a smooth finish and takes a good polish. In general 
appearance, it resembles walnut and is harder, 
heavier and stronger than teak. It is suitable for 
general carpentry, cabinet work, panelling and 
veneers, iiiathematical instruments, hoot-lasts, hoh- 
hins and turnery (Chowdhury & (diosh, Indian For,, 
1956. 82 , 444). 

MAOUTIA VVfdd. (V rliaicatr) 

A small genus of shrubs distributed in South-Fast 
Asia and the Pacific. One s|)ecies is found in India. 

M. puya Wedd. 

D.F.P., V, 177 ; C.P., 163 : FI. Br. Ind., V, 592. 

llixni -Fii\a, pooa/i, poi. 

Df.iira Din Ki^maon Dhaid-ka^shi, phnr- 
khajrsa ; Nki»al & Fa.stkkn Himalayas Kyinki, 
keean^-bee, \enki. 

A shrub, up to 3 m. in height, found in the suh- 
Hiiualayan tract and outer Himalayas from Jamuna 
eastwards, and in Khasi hills up to an altitude f)f 
i,6n(^ 111., chielly in ravines and open scrubs. Bark 
dark grey or reddish brown, fairly smooth : leaves 
elli|)tic to ovate-ohlong : flowers monoecious or du>e- 
cious, in small cymose globose heads arranged in 
axillary and terminal jianides : achenes ovoid, brown, 
hispid*. 

1’he hark yields a strong fibre, called Puya- or 
Nepal-hemp, resembling rhea or ramie {Boeinneria 
nivea) in general characteristics. For obtaining the 
fibre, the plants arc cut when the seed is just being 
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I IG. 101. MAOUTIA PUYA-FLOWERING BRANCH 


lormcd. 'fhc hark is peeled olT, dried in the sun for a 
few days and hulled with wood aslies for 5-6 hr. The 
lihre is separated hy healing with wooden mallet and 
washed with water ; it is tlien dauhed with micaceous 
clay, dried and finally cleaned from clay and hark hy 
rinsing with water. The fibre is used for fishing nets 
and lines, game hags, twine and ropes. 

Maple — see Acer 

MAPPIA Jacc]. (laicinaccar) 

A small genus of trees and shruhs distrihuted 
chiefly in the tropics of Asia and America. Five very 
closely related species have hcen recorded from India. 

M. foetida Miers— Nnthalmdytes fortidri (Wight) 
Sleumer 

FI. Br. Ind., I, 589 : Fyson, II, PI. 81. 
M\R.—Ktdfrur, [rhancra ; Tam.— /I r^//i, chorla ; 
Kan. — Kodsa, hedare, 

A small or medium-sized tree, sometimes a shrub, 
found in the western parts of the Oeccan Peninsula, 


North Bengal and Assam, mostly on the hills. Bark 
grey, wrinkled ; leaves ovate-oblong, crowded towards 
ends of branches ; flowers in cymes, yellowish, strong- 
ly foetid: drupes ovoid, 1.25-1.9 cm. long, purple; 
seeds i or 2, alhuminous. 

The fruit resembles jamun or jambtil fruit |from 
Syzy^ium citmini (Linn.) Skeels] in taste and appear- 
ance. The decorticated seeds yield c. 48% of a yellow- 
ish brown, slightly fluorescent oil having the follow- 
ing characteristics: sp. gr.*^”, 0.9319; 1.4781; 

acid val., 3.7 ; sap. val., 185.4 ; iod. val., 123.7 J B.-M. 
val., 0.69; Polenske val., 0.42; acet. val., 5.81 ; and 
unsapon. matter, 0.81%. The fatty acid composition 
of the oil is as follows: palmitic, 7.c^ ; .stearic, 17.69 ; 
oleic, 38.45 : and linolenic acid, 36.80%. Sitosterol has 
been identified in the unsaponifiahle matter |Nad- 
karni et al., Curr, Sci., 1944, iX 233 : /. f/mu. Bombay, 
N.S., 1945-46, 14 A(i 9 ), 26|. ^ 

The wood (wt., 40 Ih./cu.ft.) is yellow or greyish, 
moderately hard, close- and silver-grained (Talbot, I, 
267 : Gamble, 166). 

MARANTA Linn. [Marantaceae) 

A small genus of perennial herbs, native of 
tropical America. Several species are ornamental. One 
species, M. anindimaca, is cultivated for its starchy 
rhizome which furnishes the true Arrowroot of 
commerce. 

M. arundinacea Linn. WEsr Indian Arrowroot 

D.E.P., V, 180: C.P., 773 : Bailey, 1949, 292. 

Hindi — Tikhor ; Bknt;. & CjV], -~Ararul ; Mar. 
Tavkil ; Tel. Pfdagiuitlia ; Tam. --/1 r^/n/ /////;- 

kilati^u, kuvamavii ; Kan. — Tfwaks/ia, knvehiitu ,* 
Mal. — Koova, 

An erect, slender, branched herb, 0.6-1. 8 m. high, 
with large, fleshy, cylindrical ohovoid rhizomes 
(sometimes called tuhers) : leaves large, ovate-oblong 
to ovate-lanceolate, acute : flowers white, arranged in 
clusters. 

A/, arundinacea is indigenous to tropical America. 
It has long been cultivatetl in West Indies and the 
chief area of cultivation is, at present, the Island of 
Sr. Vincent. Its cultivation has spread to some 
tropical countries, like India, Ceylon, Indo-China, 
Indonesia, Philippines, Queensland (Australia), Isle 
of Reunion and Natal (Raymond & Stjuires, TroJ), 
Sci., 1959, 1 , 182 ; Nicholls & Holland, 435 ; U.S.D., 
1955, 1748 ; Cerighelli, I, 386). 

The plant grows wild in .some parts of India and 
it is sporadically cultivated in U.P., Bihar, Ori.ssa, 
Bengal, Assam and Kerala. The aggregate area 
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under the crop In Kerala Slate Is estimated at 500 
acres. 'Fwo types of the plant are grown, blue and 
yellow, according to the colour of the rhizomes ; the 
blue type gives a higher yield of starch than the 
yellow one. A type with a hitter rliizome of giant size 
is sometimes met with ; yet another type, locally 
called Kuzlii koova, is of rare occurrence in Kerala ; 
it is valued for its medicinal properties [Ycgna 
Narayan Aiycr, Mysore agric, J,, 1953, 29 , 29 ; 
Haines, VI, 1150; Sampson, Kezv Bull. Addl Ser, 
XII, 1936, III ; Information from Director of Agri- 
culture, Kerala ; Pandarakalam, Indian Fmg, N.S.y 
>95^57. 6(5). 43l' 

The plant thrives best in light, well drained loamy 
soils ; it also grows in sandy soil. Partial shade is 
hcnelicial and the crop can he raised with benelit in 
mango groves or coconut plantations (Nicholls & 
Holland, 435; Macmillan, 293; Pandarakalam, 
loc. cit.). 

The plan! is propagated by means of rhizomes. 
The usual practice in Kerala is to plant small pieces 
of rhizome (4 7 cm. long) with buds in manured pits 
(7 cm. deep) on bunds, tlie distance between pits lieing 
15 cm. Rhizomes are given a special smoke treatment 
before planting. Planting is done in May and shoots 
come up in about a fortnight. Irrigation is necessary 
(luring the growing period, but it is withheld a month 
or two [irevious to harvesting. The llowers arc nipped 
olf as they appear (Pandarakalam, loc. cit. ; Nicholls 
& Holland, 437). 

A banded leaf blight disease, caused by Bcllicidaria 
filamcutosa (Pat.) Rogers, is reported to affect the 
plant in North Malabar. It manifests itself as a 
chlorotic handing of leaves with ultimate browning 
and rotting of foliage. Satisfactory control is obtained 
by spraying platits with iVo Bordeaux tnixture. 
Spraying shoitld be carried out every year before the 
mons(X)n, taking special care to see that both surfaces 
of leaves arc covered (Ramakrishnan ^ Ratna- 
krishnan, Indian Phytopath., 1948, 1 , 129). 

The rhizomes are ready for harvesting in to 1 1 
months after planting. Tlieir maturity is indicated 
by the wilting and dying of leaves. At this stage, the 
plants are dug up and the rhizotnes separatcti frotn 
the leafy stem. I'he yield of rhizomes varies from 
4 to 7 totis per acre ; yields as high as 12 tons have 
been recorded under favourable conditions (Nicholls 
& Holland, 437 ; Macmillan, 2(^3 ; Information from 
Director of Agriculture, Kerala). 

Harvested rhizomes are c. 2.5 cm. thick atid 
20-45 cm. long. Those of small size, as also the point- 


ed ends of large ones containing eyes arc used for 
planting. The bulk of the material is utilized for the 
production of starch. The starch content varies from 
25 to 30%. Analysis of a specimen of rhizome gave 
the following values: moisture, 63.4; crude protein, 
1.6; fat, 0.2; starch, 27.8; dextrin and sugars, 2.1 ; 
crude fibre, 3.9 ; and ash, 0.9% (Raymond & Scpiires, 
loc. cit. ; Thorpe, 1 , 468). 

The rhizomes are eaten boiled or roasted ; they 
arc also made into pastries. They arc considered 
acrid and rubefacient, and used as vulnerary. In West 
Indies and Dominica, pounded rhizomes arc used for 
poulticing wounds and ulcers. The leaves of the plant 
are locally used as packing material for meal and fish 
(Burkill, 11 , 1423-24: Brown, 1(^41, I, 438: Kirt. & 
Basil, IV, 2449; Nicholls ^ Holland. 435; Pandara- 
kalam, loc. cit.). 

Arrowroot starch — For the extraction of starch, 
the tops of rhizomes, which are poor in starch, arc 
cut off and the rest of the material washed, peeled 
and pulped. Mechanical devices are employed in 
modern factories for puljiing. The pulp is mixed with 
water and strained through coarse cloth to remove 
iihre and other impurities. The milky fluid is collected 
in glazed tanks and the starch allowed to settle. Rc- 
suspension and resettling arc carried out several times 
and the deposited starch cake dried in the sun or in 
low temperature driers. The product is stored in well 
closed, moisture-proof containers. The yield of starch 
is c. 15'V. on the weight of the raw material (Braut- 
lecht, 278-80; Radley. II, 18; Raymond & Scpiircs, 
loc. cit.). 

Arrowroot starch is availalile as a fine white 
powder, much of which coheres to form small ir- 
regular masses. It is tasteless and odourless when 
dry ; when wet or cooked, a faint odour develops. 
I’he granules (30-50 jl) are ovoid or ellipsoid in shape 
with conspicuous rifts. Commercial samples contain : 
moisture, 12-18 : starch, 80 -86 ; and impurities 
(protein, mineral matter, fat and fibre), 2';'. (B.P.C., 
1959, 56-57 : Brautlecht, 280). 

Starches obtained from M. arundinacca and Cur- 
cuma angustifolia (Fast Indian Arrowroot) are not 
distinguished in Indian trade. Indian standard speci- 
fications for arrown.)ot starch are as follows: mois- 
ture, . ^ 13.0% : total ash, ^>0.3%: acid insol. ash. 
J>o.o5'X, : pH of a(|. extr., 4.5 -7.0 : particle size, )>2% 
retained on I.S. sieve 8 (aperture 75 /t) and ]J>o.5% 
on I.S. sieve 15 (aperture 151 /c) (IS: i(X)6-i(;57). 

Arrowroot is valued as food, especially for infants, 
invalids and convalescents. It is employed in the 
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preparation ol biscuits, cakes, piuKIln^s and jellies. 
It possesses (leinuleeiit properties and given in bowel 
complaints. It is also employed as a suspending agent 
in the preparation of barium meals and is some- 
times preferred to starch in tablet making since it 
produces rapid disintegration. /Vrrowroot starch is 
used also as a base for face powders and in the 
preparation of special glues (Brautlechl, 2S0 ; U.S.l)., 
1955, 1748 : H.P.C., 1959, 57 : Raymond & Scjuires, 
loc. cit.). 

'I’he fibrous refuse, left after the extraction of 
starch, is used as cattle feed and manure. A sample 
of dried refuse contained: moisture, 12.5; ash, 2.2; 
fat, 0.3 ; fibre, 14.0 : protein, 3.7 ; and starch, 64.0% 
(Nicholls Holland, 438; Raymond (S: Sc|uires, 
loc. cit.). 

Arrowroot starch is fre(|uent]y adulterated with 
starches of ])otato, sago, tapioca, sweet potato, edible 
canna (Caiuia rdiflis) and certain Curcuma sjtp. 
Adulterant starches can be detected by microscoi)ic: 
examinations (U.S.l)., 1955. * 74 ^ • R-I’.C.. 1939, 5b). 

Marble — see Building Stones, Limestone 
Marble Wood — see Diospyros 
Margosa Tree — sec Azadirachta 
Marigold, French — see Tagetes 
Marigold, Pot — see Calendula 

MARISCUS Gaertn. (Cyljeraeeae) 

KI. Hr. Ind.. VI, 61(9. 

A large genus of perennial sedges distributed in 
warm and warm temperate regions of the w'orld. 
About 15 species occur in India. 

A/, alheseens C:ui(\\ch. — Cy[)(‘rus penuaius Lam. 
syn. C. eaucsecns Vahl is a large sedge, 30 c;o cm. 
high, with transversely lineolate leaves as long as 
file stem found in Sunclarbans, Orissa, Konkaii. 
wesiern ghats atul Deccan. It is considered useful 
as a sand binder [Prain, Ree. hot. Sun\ India, 1903, 

2 ( 4 )^ 

A/, eompaetus \)v\\ee — C'y perns eompaetus Ref/, 
syn. A/, microeephalus Presl is an erect, glabrous 
sedge, c. 120 cm. high, with linear leaves as long as 
the stem found throughout India up to an altitude of 
(;oo 111. It is used for making coarse mats in 'Lonkin 
(Hurkill, II, 1425). 

A/, sieberianus Nees^CA>/)cn/.s- evperoides (Linn.) 
Kuni/.e (Henc;. Rara j^utliubi) is a tall sedge, up to 
75 cm. high, with leaves as long as the stem found 
more or less throughout India ascending to i,8(K) m. 
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in the Himalayas. 'Flie sedge is used as a vermifuge 
in Sumatra (Hurkill, 11 , 1425). 

Marjoram — see Majorana, Origanum 

Markhamia — see Dolichandrone 

Marking-nut Tree — see Semecarpus 

Marl — see Limestone 

MARLEA Roxb. (Alan^iaeeae) 

A genus of trees or shrubs distributed in Africa 
and from South and Last Asia to the Pacilic. Two 
species are found in India. The genus Marlea is now 
considered a synonym of Alaufj^ium. 

M. begoniifolia Roxh. — /l/c///g/t/i// ehinense (Lour.) 
Harms syn. A. begoniifolium (Roxh.) Haill. 

D.L.P., V, 1S7 : FI. Hr. Ind., II, 743, in pan. 

Henc;. Hlolpodn, l)onip()d(t, marlia. 

Ka.siimik -Proi ; Punjab - Budanar, padiu ; 
KfMAON — Tumri, jrar/i kimu ; Nepal /l/t’//c///c, 
bamaupati ; Lepc:iia Palit-lunig ; Assam Marti, 
dien^-mylhaldap, l>ba^ran^, hhelu, 

A small to medium-si/ed tree found throughout 
the sub-Iiimalayan tract, outer Himalayas and in 
Assam up to an altitude of 2,700 m. Hark grey or 
brown : leaves very variable, ovate-oblong to orbi- 
cular. up to 25 cm. long : flowers in cymes, white ; 
fruit ovoid. 

'Phe tree occurs in moist ravines and is occasionally 
grown for hedges. It grows moderately fast. It is one 
of the recorded hosts of the Indian lac insect in 
Assam. The leaves of the tree are lopped for fodder, 
riie wood (wt., 42 Ih./cu. ft.) is white, soft and even- 
grained. It is sometimes used for house construction. 
It is reported to be used for furniture in Indo-Cbina 
and for axe handles in Indonesia. Analysis of the 
wood gave the following values; lignin, 29.33; 
«i.-ceIlulose. 4i.6<; : and total cellulose, 51.47% jCarter 
& Carter, Ree. bol. Surv. India, 1921, 6(c9), 403; 
Laurie, Indian For. Leafl., No. 82, ic;45, 9: Gupta, 
257 : (wimble, 381/ (90 : Hurkill, I, 80 ; West cl al., 
Philipp. J. Sei., 1C933, 52 , 209!. 

Marmots — .see Rats and Other Rodents 

Marrow, Vegetable — see Cucurbita 

MARRUBIUM Linn. {Labiatae) 

A small genus of annual and |)crennial herbs 
distributed in Kuropc, N. Africa and ext ra-t topical 
Asia. Two species occur in India. 



MARSDENIA 


M. vulgare Linn. Horehound, Hoarhound 

D.E.P., V, 187; FI. Br. Ind., IV, 671 ; Miikcrjcc, 
Rcc. bot, Surv, India, 1940, 14 (i), 149 ; Kirt. & Basu, 
PI. 768. 

H 1 NDi- - Paha rigandana, 

A tall, robust herbaceous perennial, 40-120 cm. 
high, found in Kashmir and extending westwards, at 
altitudes of 1,500-2,400 m. Leaves leathery or thick, 
orbicular or elliptic-ovate, villous, rugose or 
wrinkled ; llowers small, white, in dense axillary 
whorls ; nutlets very small, faintly rugose. Dried 
leaves and llowcring tops of the plant constitute the 
drug liorehound, formerly used as aromatic 
stomachic and expectorant. 

M. vidgarc is a hardy plant cultivated in many 
parts of luiropc and also in the United States of 
America, ft thrives in almost any soil, hut does best 
in light calcareous, rather dry, soil and sunny situa- 
tions. It is propagated by seeds, cuttings and divi- 
sions. lA*aves and tops are harvested just before full 
flowering and cured in shade in order to preserve the. 
green colour, liorehound is considered a good bee 
plant (Sievers, Fnirs' Bull. IJ.S. Defy. Agric., No. 

1948, 60 ; Muenscher Rice, 97 ; Chittenden, 11 , 

1 0(x;). 

The drug has an agreeable, somewhat musky 
odour which diminishes on drying and a pungent 
bitter, yet pleasant, aromatic taste. It contains marru- 
bhn (0.3-1. 0';.,) together with other bitter principles, 
a volatile cnl (0.05%), ursolic acid, a resin, a wax, 
tannin (6.5 7%), mucilage, a saponin and choline. 
Marrubiin (C:j„lLsO,, m.p. 158^") is a «li!erj)enoid un- 
saturated y-laclone, related to podocarpic acid 
(U.S.D., 1955, * 74 ^ ' 8teinmct/, II, 291 : Ho|)pe, 555; 
Auster & Schaefer, Lieferung 11, No. 32, 1957; 
Cocker ct ai, Clirni. Ind., 1953, 1227 : 1955, 773). 

Horehound is a bitter tonic and possesses expec- 
torant and diuretic properties ; it is laxative in large 
doses. It is now rarely used by medical practitioners, 
but is still employed as a domestic remedy for colds, 
coughs and pulmonary allections in the form of in- 
fusion (liorehound Ale), syrup or candy. Preparations 
and extracts of horehound find their way into pro- 
prietary cough mixtures and lozenges, often in asso- 
ciation with demulcent drugs, such as coltsfoot 
{Tussilago farfara Linn.) and liciuorice (Glycyrrliiza 
glabra). An extract of fresh horehound is useful in 
the treatment of cardiac extrasystoles : intravenous 
administration produces liypotensive effect. The herb 
is considered useful in the treatment of cholera and 
prolonged fevers (Kirt. & Basu, III, 2008 ; U.S.D., 


* 955 » *74^ J Allport, i99-2(K) ; Chem. Abstr., 1934, 
28 , 531 ; Auster 6i. Schaefer, loc. cit. ; Youngken, 740 ; 
Chopra, 1958, 602). 

MARSDENIA R. Br. {Asdcpiadaccac) 

A genus of twining, rarely erect, shrubs or under- 
shrubs distributed chiefly in tropical and sub-tropical 
regions. About a dozen species are found in India. 

M. roylei Wight 

D.F.P., V, 188; C.P., 774; FI. Br. Ind., IV, 35; 
Kirt. & Basu, PI. 618 C. 

Si.MLA — Kurwig ; Jaunsak - K//r/rc 7 /// ; Deiira Don 
— Marua-bcl ; (iARiiWAi. — Slicfiguri : Kcmaon & 
Ai.moka -Miirkila, murkula. 

A large, pubescent twining shrub found through- 
out the warm temperate flimalayas and hills of 
Assam, sometimes ascending to an altitude of 
2,icK) m. Bark pale brown, corky, fissured ; leaves 
ovate-cordate ; llowers in cymes, orange red ; follicles 
straight, beaked, rugose. 

The plant yields a strong silky fibre used for fish- 
ing nets and lines, and for ropes. Unripe fruit is 
used as a cooling medicine. Roots are eaten by 
Lepchas. The milky latex contains small (|uantitics 
of caoutchouc (Kirt. & Basu, 111 , 1628: Cowan & 
Cowan, 92). 

M. tenacissima Wight elk' Arn. 

D.F.P.. V, 188 ; C.P., 774 ; V\. Br. Ind., IV, 35. 

Hindi — ////, chili, toiigus : Beno.- ('hiti, jili ; 'ri-.i.. 

Karudushtupatige ,* Okiya -(>ha. 

Deiika Don Marua-bcl ; Nepal Bahuni lahara, 
sunamarai ; LEPtaiA — Kamtiongrik ; Ceniral India 

Bahai jak. 

A large, twining shrub found in the Himalayas 
from Ktiinaon to Assam up to an altitude of 1,500 m. 
and extending southwards to the Deccan Peninsula. 
Bark grey or pale brown, corky, deeply furrowed ; 
leaves broadly ovate : flowers in much branched 
cymes, greenish yellow, with a somewhat offensive 
odour : follicles ovoid-lanceolate, longitudinally 

wrinkled : seeds ovate-oblong, flattened ; coma 
c. 5 cm. long. 

The stem bark yields a strong fibre, used for fi.sh- 
ing. lines, nets and cordage. To obtain the fibre, the 
stem is cut into sections and tbe bark stripped ; it 
is then dried, steeped in water for a brief period and 
scraped clean of adherent material. The fibre thus 
obtained is clastic and resistant to alkali ; it is consi- 
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(icrcrl second only to Rhea (Boclifucria nivva) among 
Indian fibres in lineiicss and durabilify. 'I’bc ultimate 
lil)res are sliort and for this reason, it does not lend 
itself to machine spinning : the fibre can be mili/ed 
only as low. A fibre is obtained also from the seeds 
of the plant (Matthews, 34H : Bull, Insl., Loud., 
190 1 , 121 : Sircar, Misc. Bull. Itidiati Couii. agric. 
Rrs., No. 66, 1948, 64). 

A milky latex is obtained from incisions made on 
the stem of the plant. Analysis of a sample of latex 
coagnliim (From Madhya Pradesh) gave the follow- 
ing values: <aout('bouc, 13.3: resins, 81.8; and in- 
solubles. 4.9'..; fresli latex contains: caoutchouc, 
2.4 and water solubles, 82.1%. The root is reported to 
be used by Mundas as a remedy for colic. Recently 
it has been claimed that the roots of this plant consti- 
tute the drug White rurpetb (safed iiisotli) of the 
Indian markets. The drug is a well-known purgative 
ill the Indian medicine and according to most 
authors is obtained from the roots of Olyercidiua 
turpethum (Linn.) Silva Manso syn. Ipomca iurpe- 
ihttvi R. Br. (Bud hi raja & Beri, hidimi For. I.rafl., 
No. 70, 1944, 9 ; Bressers, 93 ; Wahi & Bbattacharya, 


Indian j. Fharni., i960, 22 , 2S3 ; Shah cl at., iliid., 
i960, 22, 284). 

M, tinctoria R. Br. 

D.E.P., V, 190 ; C.P., 774 ; Kl. Br. Ind., IV, 34. 

Nkpal Kali lara ; North Bknc;aL‘ Riyong , 
Lkpciia — Ryofn ; Assam -Mci-ni-buli-likur, manri. 

A tall stout climber found in eastern Himalayas 
and Assam, [.eaves ovate-cordate, membranous ; 
fltjwers small, in clustered cymes : folicles c. 7.5 cm. 
long, narrow, tapering : seeds ovoid. The plant is 
occasionally cultivated ; it is propagated from layers, 
slips and cuttings. 

The leaves yield a dye similar to indigo from 
Indigofcra spp. The bark yields a fibre. 'Pbe cultiva- 
tion of A/, linctoria for the dual purpose of dye and 
fibre has been suggested (Burkill, II, 1426). 

'Pile plant contains an alkaloid : the leaves are used 
for stomacb-acbe and other intestinal disorders 
(C'bopra, 506 ; Burkill, 11 , 1426). 

A/, hamiltonii Wight is a sub-erect or climbing 
undershrub found in sub-1 limalayan tracts and 
adjacent plains of Uttar IVadcsb and Bibar. The fruit 
is reported to he eaten (Haines, IV, 558). 

A/. Incida Kdgew. ex Madden is a large (limber 
with fragrant purple flowers found in Kumaon up to 
an altitude of 2,500 m. and in the sub-Himalayan 
tracts of Uttar Pradesh. It is reported to be poisonous 
to man and livestock (Cbojira cl al., 47). 

Marsdenia volubilis — see Wattakaka 

MARSILEA I aim. (Marsilcaccac) 

D.E.P., V, 192 : Bailey, 1947, 

A genus of atpiatic or sub-a(|uatic ferns, widely 
(listriKuted in the tropical and temperate regions of 
the world. About 9 species are found in India. 

A/, niinnta I.inn. (Bkn(;. — Susnisliak ; Tel. - 
Mndugo-lamara, chickdinlaknra ; 'Pam. — Araikccrai; 
Kxs. -Chiligina soppu ; Kashmir - Pa flu ; Pi^njar — 
Tripallra^ god hi) is a herb with a creeping rhizome. 
(|uadrifoliolatc leaves and bean-shaped sjiorocarps 
found throughout the greater part of India, usually 
at the edges of ponds and irrigation channels and as 
a weed in wet fields. Many of the Indian floras refer 
this common Indian species to M. (juadrifolia Linn, 
which occurs only in Kashmir. It can be propagated 
by divisions of the rhizome or by spores. The stalks 
and leaves of the plant are eaten as pot-herb, espe- 
cially in times of scarcity (Mudaliar & Rao, 24 ; 
Macmillan, 167). 
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MARTYNIA I ^inn. [Martyniaccm^ 

A monotypic genus of annual herbs, represented 
by M. (iimua, native of Mexico, naturalized in tropi- 
cal and sub-tropical regions. 

M. annua lann. syn. A/, diandra Glox. Di:vii/s 

Ci.AW, Tu;er Claw 

n.K.R, V, 192 ; FI. Rr. Ind., IV. 386 : FI. Malesiana, 
Scr. r, 4(3), 220-2 1, Fig. 3. 

Hindi — Hathajori, hkhti ; Beno. /5r/g// noki ; 
Mar. Vuicliu ; Guj. -Vkhcfiida ; Tel. — Ganida- 
mukku, trhikoudkhcllu ; Tam. — Tliclkndttkktikaiy 
pidi-naginn ; Mal. — Pufi-nakham, 

Santal Hag India : Mundahi — Hana sarsar, 

A berbaceous, erect, branched, clammy-pubescent 
annual, 90-120 cm. high, found throughout India, in 
waste |)laccs, rubbish heaps and along road sides. 
1 weaves large, opposite, broadly ovate to deltoid, 
repand-dentate ; llowers in racemes, large, foxglove- 
shaped, |)ink and dark purple blotched with yellow 
inside ; fruit bard, woody, with 2 sbar[) recurved 
books ; seeds oblong. 

The leaves of the plant arc eaten in limes of 
scarcity. They are reported to be used in epilepsy and 
applied to tid)erculoiis glands of the neck : the juice 
is used as a gargle for sore throat. The fruit is consi- 
dered alexiteric and useful in inllammations. The 
leaves of the plant contain cblorogenic acid |Gammie, 
Rrc, hot, Surv. India, 1902, 2(2). 185: Kirt. & Basil, 
III, 1855; Chopra, 1958, 601: Nadkarni, I, 772: 
Webmer, IF, 1140I. 

The seeds of the plant on solvent extraction yield 
10.35% ^ y<-‘llt)w semi-drying oil with a jiecu- 

liar odour. The oil has the following characteristics: 
sp. gr.'-' ”, 0.9178: 1.4636: solidilicatioii pt., 

— 13^ : acid val., 4.9 ; sap. val., 198.4 : iod. val., 118 : 
llehner val., 89: acet. val., 31.4; and unsapon. 
matter (allyl alcohol). 2.1)”.. : the refractive index is 
unusually low for an oil with the reported iodine 
value. 'J’he component fatty acids of the oil are: 
palmitic, 8.08: stearic, 11.25: arachidic, 1.34: oleic, 
35.84 : and linoleic, 32.37 Whole fruits (from 
Kolhapur) on solvent extraction yield 20'’/, of a fatty 
oil with an orange tinge and no characteristic odour. 
The oil has the following constants: sp. gr."'‘\ 
0.9528 : 1.4720 ; acid val., 15.42 : sap. val., 195.3 I 

iod. val., 75.62 ; R.M. val., 3.88 : i^)lenske val., 0.78 : 
acet. val., 10.79 : and unsapon. matter, o.86'm. The 
refractive index is unusually high for an oil with the 
reported iodine value. The component fatty acids oi 
the oil are: palmitic, 10.49 : stearic, 8.49 : oleic, 74.49 ; 



FIG. m. MARTYNIA ANNUA-FLOWliRlNG AND FRUITING BRANCH 


and linoleic, 6.22 |Tayal Dutt, Proc. iial. Acad. 
Sci. India, 1939, 9, 78 : Kege cl al,, J. Ihiiv. Honihay, 
N.S., 1943 44. 12A(i5). 31 : Kckey. 749I. 

MASCARENHASIA A. DC. (Apocvnaccac) 

Cliiltenden, III, 1256. 

A small genus of trees distributed in Mad;i- 
gascar and Fast Africa. A/, clastica K. Sebum, has 
lK*eu introduced into India and is cultivated in 
gardens. 

A/, clastica is a slender tree, 12 15 m. high, with 
an upright furrowed stem, oblong leaves and small 
flowers in axillary or terminal cymes. It is adapted 
to swampy ground. It furnishes a rubber which is 
collected to some extent in its natural habitats and 
known as Mgoa, Goa or Madagascar rubber. The 
inner hark is c. 0.5 cm. thick and can he readily cut. 
It is stated, however, that the latex Hows slowly and 
the collection of rubber is not prolitahle. Young trees 
yield very little latex. The (|uality of rubber is report- 
ed to he good if carefully collected. The U|)right 
trunk of the tree is tised in Africa for house 
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construction (Krumhicgel, 13 : Bull, imi). hist.. Loud., 
1910, 8 , 346). 

Massicot — src Lead Ores 
Mast Tree — see Polyalthia 
Mastic Tree — sre Pistacia 

MASTIXIA Bill me (Conwccac) 

A genus of trees distributed in South-East Asia. 
l"our species are found in India. 

M. arborea C. B. Clarke* 

D.E.P.. V, 193 ; FI. Br. Ind., II, 745. 

Tam. — Vclichi ; Mai.. — Muttipal. 

A s s A M — B oh) f i^n . 

A tree, up to 30 m. in height, found in the hills of 
Assam and Bengal and in western ghats from 
Konkan southwards. Bark i^rownish, lenticellate ; 
leaves elliptic to ohovate-ohlong : flowers green, in 
terminal pubescent panicles of cymes : drupe ovoid 
or ellipsoid, j^urplish green, c. 2.5 cm. long. 

The wood of the tree is whitish to greyish yellow, 
often with a greenish tinge, somewhat lustrous, 
straight-grained, coarse-text tired, soft and light, 
(wt., 3c>-32 Ib./cu. ft.). It is suitahle for boxes, 
packing cases, jilywood and second grade pencils. 
The tree yields a gum having a cainphoraccous 
odour |Bourdillon, 184; Chowdhury & Ghosh, 
huluni For. Rcc., N.S., Util., 1947, *4 • Trotter, 

1944. 217]. 

A/. pcHlandra Blume is a tree closely resembling 
A/, arhorca, found from Konkan to Travancore up to 
an altitude of 300 m. The wood is greyish white, 
lustrous, coarse, soft and light (wt., 28 Ib./cu. ft.). It 
is suitable for match boxes and splints (Bourdillon, 
184 ; Rama Rao, 200). 

M. rostrata Blume is a small tree found in the Aka 
hills in Assam. It yields resinous gum which is slight- 
ly aromatic (Burkill, II, 1428). 

Mate — see Ilex 

MATRICARIA Linn. {Compositae) 

A genus of herbs distributed chiefly in the Medi- 
terranean region and Asia : a few species occur in 
Africa and N. America. Some of them arc ornamen- 
tal and meilicinal. One species has been recorded 
from India. 

* Some authors consider this species a mere geoj^raphical vari- 
ant of A/. Iwniandra Blume (l)anser, Bliimra, 1934-35, 1, 46). 


M. chamomilla Linn. German Chamomile 

D.E.P., V, 193 : FI. Br. Ind., Ill, 319 ; Kirt. & Basil. 
1^1. 537A. 

PiiNjAB — Babulut, suteigid. 

A much-branched, aromatic, annual reported to be 
found in the Punjab. Himachal Pradesh and upper 
Gangetic plains, probably only in gardens or as an 
escape. I^cavcs 2-3 pinnatiscct: segments narrowly 
linear; flowerheads solitary, i. 3-2.5 cm. diam. ; 
flowers borne on hemispherical or conical hollow 
receptacles without any palae and surrounded by 
involucre of 2-3 rows of small imbricate bracts: ray 
florets 10-20. white or yellowish, later becoming re- 
flexed, disc florets numerous, yellow, tubular : pedun- 
cles 2.5 cm. long, dark brown or dusk greenish 
yellow ; achenes with 3-5 faint ribs. 

The plant has been grown recently on an experi- 
mental scale at Jammu and Katra (Kashmir State) 
from seeds obtained from France. Seeds sown in the 
nursery towards the later half of Septemher and seed- 
lings transplanted in the field in November, produced 
flowerheads in March -April. About 4 oz. of seed 
are suflicient per acre. In U.S.A., a yield of 400 lb. of 
dry flowers per acre has been rccoriled. 'Fwo crops 
can be obtained in a year |Handa et al.. J. sci. indust r. 
Res., 1957. 16 A( 5 ), suppl., 26 ; Information from 
Regional Res. Lab., Jammu ; Sievers, Ftur.v’ Bull. U.S. 
Dep. Affric., No. 1999, 1948, 32 ; Youngken, 867]. 

The flowerheads of the plant constitute the. drug, 
variously known as Wild, Sweet, False, Persian, 
Hungarian or German Chamomile, and used as a 
substitute for True or Roman Chamomile (Anilieinis 
nohilk Linn.). The drug is official in a number of 
K 1 1 ropea n phar 1 nat'opoeias. 

Ger'man chamomile has a pleasant aromatic odour 
and bitter taste. It possesses antispasmodic, expec- 
torant, carminative, anthelmintic, sedative, diuretic 
and attenuaiit properties and is considered useful 
particularly in the ailments of children such as 
dentition troubles, stomach disorders, earache and 
neuralgic pains and convulsions. The drug is also 
prescribed in constitutional debility, flatulent colic, 
hysteria and intermittent fevers. A warm and strong 
infusion of it is emetic, while a weak infusion acts as 
a mild tonic and febrifuge. The drug has antiseptic 
and antiphlogistic properties and is used in hair 
washes and in the preparation of poultices for wounds 
and inflammations. An infusion is used as an exter- 
nal counter-irritant to eczema, bruises, sores and in- 
flammations, especially in haemorrhoids. According 
to I.P.C. specifications, the drug should contain: 
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stems, )>io%; other organic matter, J>2% ; total 
ash, )>io% ; and acid insoluble ash, )>4%. The vola- 
tile oil content should not he less than 0.4% (B.P.C.). 
Powdered drug is yellowish brown to light olive 
brown, conforming to the standards of unground 
drug except that the volatile oil content should not 
he less than 0.2% (I.P.C., 146- 47 ; B.P.C., 1949, 513 ; 
IJ.S.l)., 1955, *749 J Wren, 82: Hocking, 137; 

A lister & Schaefer, Lieferung 15, No. 43, 1958 : Stein- 
met z, I, 123). 

The active constituent of the drug is a viscous vola- 
tile oil (Oil of German Chamomile) ; the drug con- 
tains, besides the oil, a hitter ])rinciple (3%), apigenin 
and its glycoside apiin, (|ucrcimeritrin, 7-methoxy 
coumarin. 7-hydroxy coumarin, a dioxy coumarin, 
salicylic acid, a resin, phytosterol, fatty acids, vita- 
min C and nicotinic acid. The drug owes its anti- 
phlogistic action to chama/ulene present in the oil ; 
pro-chama/ulcnc or matricin (a hydroxyacetoxy- 
giiaiadicnolide), the precursor of chama/ulene, with 
comparable antiphlogistic activity, has been isolated 
from tlie flowers. Chamazulene has been used as an 
antihistaminic in allergic patients. The spasmolytic 
elfect of the drug is ascribed to apigenin or to apiin 
and to methoxy coumarin (Auster & Schaefer, loc. 
cit. ; Hoppe, 557 ; Cekan ct al., Clieni. Itid., 1954, 
604; 1956, 1234; Clicm. Ahstr., 1952, 46 , 10459). 

The oil content of the <lrug varies from 0.25 to 
1.35% (av., 0.48%); dried flowers from Jammu con- 
tain 0.47“,, oil while those from Kaira contain 0.17%. 
k'reshly distilled oil is blue, hut under the inlliience 
of light and air, it gradually changes to green and 
finally brown. It has a strong cliaracteristic odour and 
a hitter aromatic flavour : it has the following 
characteristics: sp. gr.^‘\ 0.917 ^^.957 ; acid val., 
5-50: ester val., 3-39 (after acetylation, 1 17-155); 
sol. in 95'V, alcohol with separation of paraflins. The 
constituents of the oil are: chamazulene (1-15%, av. 
6%) which is res|K)nsil)le for the blue colour of the oil. 
terpene hydrocarbons, ses(|uirerpenes including farne- 
senc and cadinene, ses(|uiterpenc alcohols including 
bisabolol, an unsaturated ketone alcohol (C,..H2if^2)’ 
hisaholol oxide (C,.H.^,.02)^ methoxy coumarin (um- 
bel liferonc methyl ether), furfural and paralfins. The 
oil is used, though sparingly, as a flavouring agent in 
liqueurs, particularly of the French type. It also 
enters into perfume compositions, imparling pleasing 
and warm tonalities (Guenther, V, 439-45 ; Handa 

ah, loc. cit. ; Chem. Abstr., 1953, 47 , 8699, 8702). 

When eaten by cattle, the flowers have a deleterious 
effect on milk and, in some cases, the butter produced 


from it. 1 'he leaves of the plant are used in China as 
a depurative (Chopra ct (tL, 52 : Cains, /. Iltmihay 
nat. Hist. .Soc., 1939-40, 41 , 851). 

MATTHIOLA R. Br. {Crucifcrac) 

A genus of annual, biennial and |K*rennial herbs 
or suhshruhs distrihuted in western and southern 
Kurope, central and western Asia and Africa. One 
species has been introduced into India and grown in 
gardens. 

M. incana R. Br. Common Stock, (hi.Li Flower 

D.F.R, V, 197: FI. Br. Ind., I, ; Bailey, 1949, 
448. 

PiiNjAB Todri lila, tndri sajed. 

An erect, biennial or perennial ornamental plant, 
3()-6<^ cm. Iiigh, grown in gardens at medium to 
high elevation. Leaves ohlong-linear to ohlanceolaic : 
flowers in terminal racemes, fragrant ; fruit an erect, 
thick, stout pod with numerous, llattened, usually 
narrowly winged seeds. 

A/, incana is indigenous to the Mediterranean 
region and western kairope. It is a cold season plant 
grown in gardens for its delightfully fragrant flowers 
l)orne in clusters of various hues ranging from white 
to pink, red, purple, terracotta and yellow. Propaga- 
tion is done by seeds sown in sandy and light soil. 



FIG. 104, MATTHIOLA INCANA— FLOWERING BRANCH 
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Seedlings arc sparingly watered and wlien ('. 2 in. 
high, transplanted 9-12 in. apart in well-prepared 
l)eds containing rich soil or arc potted singly in cl- 
inch pots. The annuals bloom in 4-4 J/2 months from 
sowing, while biennials take 7 8 months (Bailey, 
ic;47, II, 2011; III, 3244-45: Gopalaswamiengar, 
444-45; Firmingcr, 621). 

'fhe seeds of M. incuna contain a fatty oil, a 
mucilage, colouring matter, and a volatile oil which 
yields methyl, isopropyl and 4-methylthiohutyl isch 
thiocyanates. The fatty oils from the seeds of ycllow.- 
red- and white-flowered varieties have the follow- 
ing characteristics and fatty acid com]M)sitions : 
YclUnv variety (yield. 7.9%) — sp. gr.’‘'\ 0.9221 ; //, 
1.4301 : iod. val. (llaniis). 112.3 : saj). val., 184.2 : acid 
val.. 20.1 : and iinsapon. matter (y 3 -sitosteroI present). 
0.82 Vo : fatty acids -palmitic. 2.24: stearic, 2.86: 
oleic*. i<;. 89 : linolcic, 32.52 ; linolenic. 4.86 : and 
erucic, 37.6:)Vo : Red variety (yield, 8.2 — sp. gr.‘"V 
0.9149: /r'"’ , 1.4332: iod. val. (l lanus), 110.2: sap. 
val., 186.6 : acid val., 19.2 : and unsapon. matter 
(/:^-sitosterol present), 0.92% : fatty acids — palmitic, 
4.74: stearic, 1.61 : oleic, 20.81 : linoleic, 26.24: lino- 
lenic:, 5.18 : and erucic, 41.42V.. ; White variety (yield, 
lo'V.) -sp. 0.9344 ; , 1.3790; iod. val. 

(ffamis), 139.4 • I thiocyanogen val., 

102.6 : acid val., 2.72 : ester val., 184.5 • unsapon. 
matter (a sitosterol present). 2.18'V. ; fatty acids — 
myristic, 2.60 : palmitic, 4.73 : stearic, 4.37 : arachiclic, 
2.50 : lignoceric (?), 0.73 : oleic, 32.17 : linoleic, 21.70: 
linolenic. 10.70: erucic, 13.10: and resin acids, 
7.40%. 'fwo crystalline colouring matters, designa- 
ted as incaiiin-A (C,,H,, 0 „ m.p. 297°) and incanin-B 
(CiyH.jO;, m.p. 278°) have been isolated from the 
seeds of the yellow variety. The mucilage from tlie 
seeds of the yellow variety yields, on hydrolysis, 
xylose, arahinose, galactose and galacturonic acid : 
that from the .seeds of the red variety yields xylo.se, 
galactose, rhamnose and galacturonic acid (Bhakuni 
& I(»shi, Proc. nat. Acad. Sei. India, 1958, 27 A, 165, 
253: 1959, 28 A, 1, 190: Rahman & Klian, /. Amer. 
Oil diem. Soc.f IC961, 38 ^ 281 : Bhakuni, /. sci. in- 
dnslr. Res., 1961, 20 B, 297 : Jensen et ah, Aeta cliem. 
seand., ic;53, 7 , 1267 : Kjaer & Gmelin. ibid., i(;55, 9 , 

542). 

The .seeds are slightly hitter and possess tonic, 
diuretic, expectorant and stomachic properties (Kirt. 
& Basil, f, 143). 

Mauritius Grass — see Brachiaria 
Mauritius . Hemp — see Furcraea 


MAZUS I .our. {Seroph ulariaeeae) 

l"l. Br. Ind., IV, 259 ; Chatterjee & Bharadwaja, 
Hull. hot. Soc. Heng., 1955, * 4 ^- 

A small genus of herbs distributed in .southern 
and eastern Asia, Australia and New Zealand. Fight 
species occur in India. 

A/, japonicus (Thunb.) Kuntze syn. M. rugosus 
FiOur. ; Hook. f. (FI. Br. Ind.) in part, a small, pros- 
trate or ascending, tufted annual with obovate- 
spathulate leaves and pale blue or white flowers, 
is found in damp, moist and shady situations 
nearly throughout India in the plains and in the 
hills up to 2,100 m. An infu.sion of the plant is given 
as tonic, aperitive and antifebrile (Grevost & Pctelot, 
Hidh eeon. Indoeh., 1934, 37 , 545). 

Meadow Grass — .see Poa 

MECONOPSIS Vig. (Papaveraceae) 

A genus of annual and perennial herbs distributed 
in northern temperate regions, mo.stly in Asia : a few 
s|)ecies are found in western Europe and western 
North America. About 20 .species occur in India, 
especially in the Himalayan regions. 

Some of the ornamental .species of Meconopsis 
have recently gained importance and are getting 
popular as garden plants. They are suitable for 
borders and rock-gardens. Propagation is done by 
seeds (Bailey, 1947, 11 . 2017). 

M. napaulensis DC. syn. Af. zvallicliii Hook. 

D.E.P., V, 198: FI. Br. Ind., I, 119: Kirt. & B.isu, 
PI. 56 & 57. 

An erect, glaucescent perennial herb, laxly hairy 
and rarely suh-stellately puhc.scent, 60-180 cm. high, 
found in temperate Himalayas, from Nepal to 
Bhutan, at altitudes of 2,7 cx>-3,(k)() m. Leaves oblong 
or obovate-lanceolate, .sinuate-lohed or pinnatifld : 
flowers fu.scous-purple or pale blue, in simple or pani- 
culate cymes : capsules elliptic-oblong, densely brist- 
ly, with many scrobiculate seeds. 

The seeds of the plant yield 34.2 Vn of a light 
yellow, drying oil having the following characteris- 
tics: sp. gr.*’*", 0.9320: ir'^\ 1.4753: acid val., 14.2: 
.sap. val., 182.2 : iod. val., 128.7 : R.M. val., 8.32 : 
and unsapon. matter, 0.91%. The fatty acid compo- 
.sition of the oil is as follows: saturated, 12.0: and 
unsaturated (mostly linoleic and oleic), 88.0V0. The 
oil is suitable for edible purposes and also for 
making paints and varnishes. The seed cake left 
after the extraction of oil, may be u.sed as manure ; 
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Fit;, lo-i. MECONOPSIS ACIJLIiATA-FI.OWERlNt; BRANCH 


it coniilins: N, .^14: lime (C\*i()), 1.17 : and 
phosphoric acid (l\>0.), t.75'/V»- Tlic root lias 

narcotic properties (Nag ik Uanerji. Trmis. 
Bose Res, insi., 1 934-35. io, 125 ; Kirr. Basil, 
I > 33 )- 

M. paniculata ( 1 ). Don) Prain syn. A/, nipalrnsis 
Hook. f. & Thoms. (Kl. Br. Iiid.), non DC. 

D.L:.P., V, ,98; PI. Br. Ind., I, 118; Kiiamura in 
Kihara, 1 , Pig. 24. 

An erect, stellatcly pubescent and laxly hairy 
perennial, 2 m. high, found in Nepal and Sikkim at 
altitudes of 3,ooo-3,6(X) m. Ix'aves lanceolate or 
oblong, sinuatc-lohed or pinnatifid : flowers yellow, 


in racemes : capsules ohovate-ohlong with many 
small rugose seeds. 

The seeds yield 32.5V‘- of a drying oil having the 
lollowing characteristics: sp. gr.‘‘* , 0.9212: //"■ , 
'•4735' ‘'eid val., 32.0: sap. val., 1S7 : iod. val., 
125.2 ; and unsapon. matter. 1.06",.. Of the total 
fatty acids, 18.9';,, are saturated and Si.r;.. un- 
salurated (mostly linoleic and oleic). The seed 
cake contains: N, 3.S1 ; phosphoric acid (P^D,). 
1.17: and lime (CaO), 0.9% (Nag tS: Banerji, 
loc. cit.). 

The rootstock has a sweet taste and is reported 
to he eaten by herdsmen in Past Nepal after peeling 
the outer rind. The stalk is used as salad by Sherpas. 
'I’hc root is regarded as a narcotic (Banerji, ./. 
Bombay nai. Hist. ,Soc., 1955 56, 53 , 153 ; Kitamura 
in Kihara. I, 137). 

A/. (U'ulcaia Royle (Bia Poi»i»v : Pi’N|ab — 0//c//, 
ktiuda, kaudcli ; Kashmir — (',id-hnihn)i ; Ki'maon — 
Kanda) is a prickly herbaceous perennial found in 
western Himalayas, from Kumaon to Kashmir, at 
altitudes of 3.300-4, 5 (m) m. d’he root is considered 
poisonous : it possesses narcotic properties (Kirt. ^ 
Basil, I, 132). 

MEDICAGO Linn. (/.cg//H////o.sY/c) 

A large genus of atiniial or perennial herbs, rarely 
shrubs, distributed in Kurope, Africa and Asia. 
About 10 species are recorded in India including 
scNcral species naturali/.cd in tropical countries and 
grown as forage and pasture plants. 

M. falcata Linn. Ykli.ovv Lccekm:, Sickm; 

Mf.oic:k 

D.K.P., V, 199 : III, 430 : V\. Br. Ind., 11 , 90. 

A perennial herb with prostrate stems, 60-120 cm. 
long, found in Kashmir, Ladakh, Kimawar and Nepal 
at altitudes of i,5oo-3,9(x) m. Leaves pinnately 
trifoliate: leaflets ohlanceolate : flowers yellow, in 
axillary racemes: pods linear, sickle-shaped, with 
5 10 seeds. 

A/, falcdla is grown in western Himalayas for 
fodder hut it is not raised as a regular crop : large 
scale collection of seeds is diflicult because of the 
shattering of pods followed by wide dispersal of 
seeds. It is useful for covering hanks, slopes and 
borders. It is frost-resistant and has been employed 
in breeding work. Neutral and acid sa|)onins arc 
reported to he present in the plant (Whyte ct c//.. 
292: Chittenden, III, 1273; Chew. /l/;A 7 r., 11936. 
30 , 41196 ; Ahlgren, 519). 
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M. hispida Gacnn. syn. M. denliciilata WillcL 
Califoknian Bur Clover, Toothed Bur Clover, 
looTiiED Medick 

ITK.P., V, 199 ; III, 416 ; FI. Br. Ind., II, 90. 

Ben(;. — Maina. 

Punjab — Maina ; Delhi — Miana, chandaitsi. 

An annual, scmi-ercct or prostrate herb found in 
Punjab, Kuniaon, upper Gangetic plain, North 
Bengal and Madras, ascending to 1,500 in. in the 
Himalayas. Leaves pinnately trifoliate: leaflets 
ohovatc or obcordatc, faintly denticulate ; flowers 
very small, yellow, in compact heads ; pod (bur) 
sub-globose with 2-4 loose coils, beset with spines ; 
seeds 3 5, kidney shaped, brownish yellow. 

A/, hispida is a winter legume primarily atlapted 
to regions with mild w'inter ; it thrives in all types 
of soils, but prefers moist, well drained, slightly 
alkaline, loamy soil. It is propagated by seeds 
(hulled or in bur). Hulled seeds germinate readily; 
pre-treatment of burs in boiling water facilitates 
seed germination. Seeds are sown broadcast or by 
drill. Once established on pasture lands, the plant 
re-seeds itself indelinitely (McKee, Ftnrs* Bidl. IJ.S. 
l)cp. /Igr/c., No. 1741, 1949; Gandhi, Indian /. 
a^ric. ScL, 1957, 27 , 125). 

Bur clover is useil as green fodder. It makes a 
good pasture and is relished by bogs, cattle, sheep, 
poultry, horses and camels. It is rarely used as hay. 
The burs constitute a valuable concentrated fodder 
for animals during the dry season. They are eaten 
more readily after rain when they get softened. 
Sheej) fatten rapidly when they feed on burs hut the 
latter get entangled in the wool and cause incon- 
venience to animals (Dey, Allahabad Fmr, 1946, 20 , 
132 : McKee, loc. cit. : Burkill, 1909, 21 ; Whyte 
cl al.^ ■29b)- 

bVeding on bur clover causes bloating in a few 
animals. In Australia, the plant has been reportcil 
to (ause ‘Phis' disease in sheep, horses, cattle and 
guinea pigs, and dermatitis of the skin due to photo- 
sensiti/ation. 'I'be incidence of the disease is low 
when animals are fed on mature plants (McKee, 
loc. cit. ; Steyn, 143-44 ; C'onnor, Bull. Dep. sci. 
industr. Res. N./., No. 99, 1951, 59). 

Analysis of the plant gave the following average 
values: dry matter, 20.8 ; protein, 5.1 : fat, 1.7 ; fibre, 
3.9 ; N-frce extr., 7.8 : and mineral matter, 2.3% : 
digestible protein, 3.9 ; and total digestible nutrients, 
15.1%; nutritive ratio, 2.9. Copper (5.0-13.2 p.p.m.) 
and molybdenum (0.45 2.50 p.p.m.) occur in traces. 
The leaves arc rich in ascorbic acid (850 mg./i(xj g.) 



and /i-carotene (51 mg./uM) g. of dry material); 
photosensitizing agents are reported to be present 
(Morrison, 318, 1022 ; Dick ct al., Ausl. J, aifric. Res., 
1953, 4 , 44 ; Marston el al., J. Conn, sci. industr. Res. 
Ausl., 1943, 16 , 1 13 ; Chefit. Ahslr., 1954, 48 , 6079). 

Analy.sis of seeds with burs gave the following 
values: crude protein, 22.9; ether extr., 3.1 ; N-frec 
extr., 37.8; crude fibre, 31.6; ash, 4.7: and phos- 
phorus (PaO.,), 0.61% (Shapter, J. Conn. sci. vulustr. 
Res. Ausl., *^ 7 )- 

Bur clover is sometimes eaten as leafy vegetable, 
along with potatoes. The plant is useful for soil 
renovation and green manuring : it serves as a useful 
winter cover and prevents erosion of land (FI. Delhi, 
129; Gandhi, loc. cit.; Dey, loc. cit.; McKee, loc. 
cit. ; Dahadghao, Sci. & Cult., 1951-52, 17 , 233). 

M. lupulina lann. Black Medick, Hop Clover, 
Yellow Trefoil 

D.K.P., V, 199 ; III, 416 ; FI. Br. Ind., II, 90. 

An annual or perennial herb found in Punjab, 
Kiimaon, upper Gangetic plain, Bihar and North 
Bengal, ascending to 3,600 m. in the Himalayas. 
Leaves pinnately trifoliate: leaflets ohovate, crenii- 
late or denticulate ; flowers small, yellow, in dense 
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spicatc axillary racemes ; pod small, kidney-shaped, 
spirally curved at. tip, black, one-seeded ; seed small, 
ovoid-oblong, smooth, pale buff to greenish yellow. 

A/, hiptdina is a forage plant commonly grown in 
pastures. It mixes well with grasses anti other clovers 
to make good pastures and is said to impart colour 
and gootl llavour to butter. It grows on a wide 
variety of soils with a good supply of lime. It is pro- 
pagatctl by seeds sown broadcast at the rate of 
i<>’i5 Ib./acre (Holland, Kew Btdl.y 1919, 3 ; Hector, 
II, 734; Whyte ci ai, 296). 

Analysis of the plant gave the following values; 
moisture, 72.76 ; fibre, 4.29 ; fat, 0.70 ; N-frcc extr., 
12.48; nitrogenous matter, 7.00; and ash, 2.77% 
(de Sornay, 288). 

The plant is used in Denmark, France and 
(Germany as green manure. Finpty seed pods arc feti 
to cattle and fowls ; analysis of the material gave the 
Following values: moisture, 10.65: protein, 15.66; 
Fat, 0.8; fibre, 24.63; soluble carbohydrates, 40.21 ; 
and ash, 8.()5‘;n. Seeds are eaten ; they are used for 
adulterating lucerne seeds. The plant is reported to 
possess lenitive properties. Aqueous extracts of the 
plant sliow anti-bacterial activity against myco- 
bacteria (Pieters, 230, 290; de Sornay, 288 ; Holland, 
Krzv Bull., 1919, 3: Chou. Ahstr., 1930, 24 , 3604: 
Medsger, 129 : Jacobs & Uurlage, 125 ; Nickcll, Econ, 
Bot., 1959, 13 , 281). 

M. minima Linn. Luti.k Buk Ca.ovKR, Smaij. 

Mk.dick 

FI. Br. Ind., II, 91. 

An annual herb, c. 15 cm. high. Found in Kashmir 
:ir altitudes t)f 1,500-1.800 m. Leaves trifoliate: 
leallets ohovate-cuneate ; ilowers yellow ; pod (bur) 
sub-globose. Formed of 2-4 close spirals with two 
rows of hooked prickles. 

A/, niinhua is of some importance in pastures, but 
like A/. Iiisfuda, it is undesirable in sheep pastures 
as burs become entangled in wool. Analysis of the 
plant gave the following values (dry basis): crude 
protein, 18.0; Fat, 2.4; crude fibre, 28.1; carbo- 
hydrates, 41.2; ash, 10.3; calcium (CaO), 1.75; and 
phosphorus (P2O.-,), 0.7 1 % ; nutritive ratio, 2.6. The 
plant is suspected to cause photosensitization of 
sheep in Australia (Whyte rt al., 296; Chou. Abstr.^ 
1941, 35 , 6345 : Webb, Bull. Cnuu. sci. iudustr. Res, 
Aust., No. 232, 1948, 90). 

M. sativa Linn. Luckrne, Alfalfa 
D.E.P., V, 199; III, 416, 430; C.P., 77 «- 
Ind., 11, 90; Lander, 159, PI. XIX. 


Hindi — Wilavti-gazeuth, lastmghas ; Mar. — Vila\- 
ati-gavat ; Cj\:].—Vil(iyti-ghas : Kan. — Vilayati-huUu. 

Ladakh — Hoi ; Pi;njab Lusan. 

An erect, nuich-branchcd perennial herb, (>.3-1.0 m. 
high. Leaves pinnately trifoliate: leaflets ohovate- 
ohlong, dentate tow.irds apex ; flowers purple or 
violet, in dense axillary racemes ; pod slightly 
pubescent with 2-3 spirals : seeds 6 or 8, yellow to 
brown, kidney-shaped. 

A/, sativa is a native oF south-west Asia as indi- 
cated by the (jccurrence of wild types in the 
Caucasian region and in the mountainous regions of 
Iran, Afghanistan and adjacent localities. The culti- 
vated Form prohal)Iy arose in western Persia, whence 
it has spread to almost all the countries of the world 
(Hector, 11 , 731 : Ahlgrcn, 53: Piper. 348). 

Lucerne exhibits considerable variation in plant 
Form, since it is readily cross Fertilized. The various 
types disirii)uted in different parts oF Asia and 
Europe, show a deiinite relationship between plant 
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form and rhc ecological condition under which they 
arc grown. The Idriii of the plant changes from erect 
to prostrate in the direction from southern sub- 
tropical areas to northern and more temperate 
regions and also from lower to higher elevations : 
similarly the length of the vegetation period 
decreases from south to north and from lower to 
higher regions (Hector, IT, 728-30). 

[aicerne is highly valued as a legume fodder and 
extensively cultivated in warm temperate or cool 
sub-tropical regions. It is the most important fodder 
crop in U.S.A. where millions of acres are devoted 
to it. It is cultivated in India and throughout the 
Middle Kast, except in Kgvpt, w'herc its cultivation 
is discouraged as it harbours certain cotton pests 
(Macnnllait, 428 ; Cohley. 165). 

Lucerne is not grown as a large scale field crop in 
India. It is valued as green fodder ^especially for 
horses and its cultivation is conlined to military farms, 
rearing and remount depots and State farms ; it is 
also grown in scattered patches by farmers for feed- 
ing milch COW'S |MoHison, III, 229 ; Roberts & Kartar 
Singh, 470 : Mukeiji, 504 ; Yegna Narayan Aiyer, 
1950, 38 ; Misra, Allahabad Fmr, 1931, 5 (2), 12 : 
Mem. Dcp. / 1 gr/c. Madras. No. 36. 1954, 593 ; Infor- 
mation from the Director of Agriculture, Madras]. 

Data relating to the acreage and production of 
lucerne in dillerenl States are not available. It is 
grown as a farm crop in Punjal) (aggregated area, 
13,554 acres) and western districts of Uttar Pradesh. 
In Maharashtra, lucerne is grown in the ilisiricts 
of Nasik (8,100 acre.s), Ahmednagar (7,900 acres), 
Poona (1.700 acres) and West Khandesh (700 acres). 
In (fujarat. the important areas of lucerne cultiva- 
tion are the districts of Banaskanta (2.900 acres). 
Amreli (2,900 ac res). Zalawad (6,352 acres), Gt)hilwad 
(4 ,i?; 6 acres) and 1 lalar (3,559 acres). In Madras, it is 
culti\ated in N. Arcot, Salem. Madurai, rirunelveli 
and C'oimhatore districts, and the acreage does not 
exceed 1,000. In West Bengal, the area under lucerne 
is negligibly small (Whyte, 115, 366: Information 
from Directors of Agricultun*. Bombay, Madras and 
West Bengal). 

Many strains ol lucerne ada|)led to diflcrent 
climatic and soil conditions have been developed in 
various countries. In U.S.A. , the cultivated varieties 
and strains are grouped, on the basis of (lower colour, 
point of origin and w^inter hardiness, into four 
classes, namely. Common, Turkistan, Variegated 
and Non-hardy. In India, three varieties of lucerne, 
Persian or Arabian, Kandahar or Quetta and Meerut 


are grown. The Persian variety is popular ; it is 
upright and vigorous in habit. 'I’he Kandahar 
variety is of trailing habit and is rarely grown. Two 
improved types. No. 8 and No. 9, have been evolved 
in Punjab : both are suitable for growing under 
irrigation. Type No. 9 has proved superior in sprout- 
ing ability ; it recovers (]uickly after each cutting. 
In Madhya Pradesh, strains No. 3, 5 and 7 have 
given high yields |Ahlgren, 58 ; Whyte cl al.y 
29296 ; Westover, h'mrs' Ball. U.S. Dcp. /ign'e., 
No. 1731, 1945: Misra, Allahabad Fmr. 1931, 5(2), 
12: Mollison, III, 229-30: Singh & Malik, Indian 
Fnzg, 1949, 10 , 255 : Saini Malik, Indian J. afrric. 
Sci.. 1947. 17 , 94 ; Malik, Indian Fmg. N.S.. 1954- 
55 - 4(4)’ *5 ’ Whyte, 121 1 . 

Cultivation 

(Uinialc Soil Lucerne is hardy and drought- 
resistant. It does well in the plains, as well as the 
hills up to an altitude of 2,400 m. It can withstand 
high temperatures (105-1 io"’K.) prevailing in northern 
India aiul also adapt itself to fairly low temperatures ; 
the degree of adaptability varies with dilTerent 
strains. High temperature accompanied by high 
humidity adversely affects the crop. An annual rain- 
fall of 20-22 in. is optimum for lucerne, hut it can 
survive when the rainfall is as low as 14 in. ; in areas 
of high rainfall (40 in. or more), it cannot be grown as 
a perennial crop | Westover, Fairs' Ball. U.S. Dcp. 
/Igr/c., No. 1722, 1941 : Dutt Pugh. 351-52 : Read, 
/Ignc. Livc-Stk India. 1936. 6, 19 ; Misra, Allahabad 
Fnir. 1931, 5(2). 12 ; Thompstone, /IgnV. /. India. 
i<;(k;. 4, .V9|- 

Lucerne can be grown on a variety of soils, but 
doc\s best on rich, friable, well-drained loamy soil 
with loose sub-soil supplied with lime. It does not 
stand water-logging aiuI it fails to grow' in acid soils 
I Misra, Allahabad Fmr. 1931, 5(2). 12 : Dutt tV Pugh, 

Preparation of land & Manuring For the cultiva- 
tion of lucerne, the land should be w'ell ploughed 
during the rains and brought to a friahle, smooth 
and clean condition. Farmyard manure is a])plied 
after the rains, at the rate of 20-30 cartloads per acre, 
and worked thoroughly into the soil. A dressing of 
lime is usually applied before sowing I'Fhompstone, 
loc. cit. : Misra, Allahabad Fmr. 1931, 5(2), 12: 
Lit tie wood, Agric. IJvc-Stk India. ijy36, 6, 650 ; Craw'- 
ford, ibid., 1931, 1 , 3»o]. 

Lucerne recpiires adequate and timely applications 
of manure for good and sustained yield. Farmyard 


314 



MEDICAGO 


manure is applied to the soil six weeks before sow- 
ing ; additional doses (5 tons /acre) are given as top 
dressing after every third cutting. Castor cake 
(3-4 cwi./acre) may he substituted for farmyard 
manure. Trials at Ferozepore have shown that a dress- 
ing of 2-3 cwt. of superphosphate per acre annually 
or 5 cwt. in alternate years improves yield. Ammo- 
nium phosphate also gives good results. Any fertilizer 
containing phosphates, such as hone meal, tish 
manure, basic slag, rock phosphate or ammophose 
can he used |Rahcja, Indian Fnifr^ NS., *957-51^* 
7(ii), 23: Whyte, 367; Westover, Finrs' Bull. U.S. 
Dep. Agrk'., No. 1722, 1941 : Dahadghao, Indiati 
Fni^, N.S., 1952-53, 2(8), 8 : Roberts d' Kartar 
Singh, 470 ; Mollison, III, 232 ; Motwani, hidian 
Fniir, N.S., 1959-60, 9{i), 31 : Crawford, loc. cit. : 
jadeja & Patel, Farmer, 1958. 9(2), 2i|. 

Frftpai^^alion laicerne is propagated by seeds. 
Seeds have a hard coat and they should he scarified 
or soaked in water before sowing. Fresh seeds do not 
germinate as satisfactorily as seeds which are 2 3 
years old. I’he crop is sown pure or grown in mixture 
with grasses or other legumes. In most parts of 
northern India, sowing is done during the cold 
weather, usually from mid-October to mid-November. 
In Bombay, the best time for sowing is early rains or 
between (ictoher and December. In S. India, sowing 
is done in fune-July or in October | Roberts & 
Kartar Singh, 470 : Yegna Narayan Aiyer, 1950, 39 : 
Tothill, 357 : Pij)er, 398 : Dutt & Pugh, 351 : Whyte 
c/ ai, 29(^ ; Davies, 203 ; Whyte, 367 : Misra, Alla- 
habad Fmr, 1931, 5(2). 12 ; Littlewood, loc. cit.]. 

Seeds are sown broadcast or drilled in lines or on 
ridges 22 -28 in. apart. Sowing on ridges is preferred 
as it helps in keeping the field free from weeds. When 
sown broadcast, the seed rate is 12-20 Ih. per acre : 
smaller c|uantities (10-12 Ib./acre) are re(|uircd lor 
s(>wing on ridges | Roberts & Kartar Singh, 470: 
Mollison, in. 230 : Whyte, 367 ; Misra, Allahabad 
Fmr, 1931, 5(2), 12 ; Dahadghao, loc. cit.] 

laicerne is mainly grown under irrigation, hut it 
can he grown as an unirrigated crop in the moist soils 
of the Gangetic plain and in the low lying fields 
of Dhaiwvar (Mysore). Fretjuent irrigation is neces- 
sary until the seedlings are a few inches above the 
ground. Subsequent irrigations are given at intervals 
of 10-20 days in stimmer and at longer intervals 
during winter. When the crop is w'ell established a 
single copious irrigation is given. The crop recpiires 
frequent hoeing to keep the field free from weeds and 
to .stir the soil |Whyte. 367 ; Watson, /Igr/V. /. India, 


1919, 14, 88 : l.rafl, Dcp. /Ign’c. Bombaw Nt). 7, 1926 ; 
Misra, Allahabad Fmr, 1931, 5(3), 4: Dutt & Pugh, 
352 : Dahadghao, loc. cit. : Roberts ^ Kartar Singh. 
470 ; Thompstone, loc. cit. : Singh & Malik, Indian 
Fmfj^, 1949, 10, 255 : Leafi. Dcp. Af^ric. Madras, 
No. 99. 1942 : Littleu’ood, loc. cit.; Crawford, loc. cit. ; 
lA’afl. Dcp. A^nc. Bombay, No. 4. 1910I. 

Diseases Pests -The diseases and j)ests that affect 
lucerne in India are not of a .serious nature. Leaf spot, 
caused by Pseudopeziza medieaginis (Lib.) Sacc., has 
been re|)orted in several areas. It is checked to some 
extent j)y good manuring. Affected crop shotild be 
cut and destroyed. Bacterial leaf spot \Xanlhomo}ias 
alfalfae (Riker. [ones & Davis) Dow’son| is charac- 
terised by small, roumi, water soaked spots. The 
disease is often accompanied by small brown vertical 
scars on the stem. Other fungal diseases affecting 
lucerne are: crown wart \U rophl\ctis alfalfae 
(Lagerh.) Magntis|, downy mildew' (Peronospora aes- 
tivalis Syd.), rust (L> romyces striatus Schroet.). violet 
root \Helicobasidium purpuretnn (Pul.) Patouill] and 
mildew' \Leveillula taurica (Lev.)^\rnaud| \Indian J. 
ai^rie. Sci., 1950, 20, 107 : Misra, Allahabad Fmr, 
1931. 5(3), 4 : Westover, P'mrs' Bull. U.S. Dep. AgnV., 
No. 1722, 1941 ; Thompstone, loc. cit.: Patel et ai, 
Indian Idiytopath., 19.19, i66|. 

Among the insect pests. Aphis attacks the under- 
surface of leaves and tender shoots. Affected plants 
are cut close to the ground, as soon as the [lest is 
noticed, and the field flooded. Spraying with Inco- 
.sophol, crude oil emulsion or kerosine emulsion 
afl\)rds effective control. Lucerne caterpillar 
{Laphyjrma exii^^ua Iluhn.) feeds on young leaves and 
causes serious damage to the crop. The |)est is con- 
trolled by dusting with 5' n BHC powder at the rate 
of 15 20 11). per acre after cutting of crop. Leaf 
hopper (Fmpoasca fabae) is also reported to cause 
damage in some areas. Rats do considerable damage 
in lucerne fields by cutting the roots of plants | Misra, 
Allahabad Fmr, 1(^31, 5(3), 4: Gammie & Pat- 
wardhan. Bull. Dep. Ai^rie. Bombay, No. 30, 1928. 
30; Farm Neu's Release, Indian Coun. aff^ric. Res., 
No. 282, ic;57 : Saini (S: Malik, Indian J. a"ric. Sci., 
1947, 17, 94|. 

A plant parasite. Dodder ((Uescuta chinensis Lam.), 
often kills lucerne plants. Affected plants arc up- 
rooted and burnt : if the attack is extensive the whole 
field should he ploughed and crops immune to 
dodder infection should he planted. Since dodder 
seeds arc often mixed with lucerne seeds, care should 
he taken to sow only pure lucerne seeds [Misra, 
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Allahabad Fmr, 1931, 5(3), 4: Gammic & Patwar- 
dhan, loc. cir.| 

Harvesting & Yield — ^"J'he crop is ready for cutting 
just before or immediately after flowering ; subse- 
quent cuttings are made at intervals of i -ij/i months. 
The crop is given a top dressing of manure and irri- 
gated after each cutting. Under favourable condi- 
tions, 8-12 cuttings are obtained in a year. The yield 
of fodder ranges from 500-800 md. per acre per 
annum, and the yield is sustained for 6-7 years 
|Dutr eSc Pugh, 351-52: Singh & Malik, Indian 
Fin^, t949» 10 , 255 : Yegna Narayan Aiyer, 1950, 39 
Me?}!. Dej). /IgnV. Madras, No. 36, 1954, 593 
Mudaliar, 540 : Roberts & Kartar Singh, 469-70 
Malik, Indian Fni}r^ N.S„ 1954-55, 4(4), 15 : Dahad- 
gliao, loc. cit.]. 

Seed [iroduclinn -After 2-3 years of cropping, 
some plants arc set apart for seed production and seed 
collection is done in April when most of the pods 
have turned brown. The crop is cut, tied into bundles 
and removed to a drying floor. Dry seeds are separat- 
ed from pods by l^enting with sticks or by threshing. 
A yield of 2-3 md. of seeds per acre is usually obtain- 
ed : yields as high as 8 md. per acre have been report- 
ed under favourable conditions [Malik, Indian Fmg, 
N.S., 1954-55, ^(4)* * 5 ’ Misra, Allahabad Fmr, 1931, 


5(3), 4; Yegna Narayan Aiyer, 1950. 39: Roberts & 
Kartar Singh, 471 ; Dahadghao, loc. cit.; Westover, 
Fmrs* Ihdl. US, Dcp. Agric., No. 1722, 1941 ; 
Thompstone, loc. cit.]. 

UnLIZATION 

Fodder Lucerne is highly valued as fodder be- 
cause of its high palatability and high protein and 
calcium contents. It is an excellent forage for horses, 
cattle, sheep and pigs, hut excessive feeding may 
cause bloating. Lucerne and lucerne grass mixtures 
arc extensively used in U.S.A. and elsewhere for pas- 
ture, hay and silage. In India, lucerne is mostly used 
as green fodder for horses [Morrison, 297 : [.ander, 
159 ; Misra, Allahabad Fmr, 1931, 5(3), 4[. 

The chemical composition of lucerne is given in 
Table 1. Table 2 summarizes the nutritive values of 
green lucerne compared to other common cultivated 
fodders. 

Lucerne, like other legumes, helps lo correct the 
protein deficiency of cereal grains fed in rations. The 
essential amino acids in lucerne proteins are (g./t6 g. 
of N): arginine, 3.5 ; histidine, 1.5 : lysine, 4.2 ; tryp- 
tophan, 1.5; phenylalanine, 4.1; methionine, 1.3: 
threonine, 5.0 ; leucine, 7.9 : isolcucinc, 4.3 : and 
valine, 4.9. Supplementation with methionine at 


TARLE CHEMICAI. COMPOSITION OF LUCERNE AND ITS PRODUCTS 



Dry 

matter 

Protein 

Fat 

Fibre 

N-frec 

extr. 

Asb 

n' 

Total 

dig. 

nutrients 

Nutritive 

ratio 

r,reen feed'-'* 

Punjab 


19.90 

(15.92) 

1.81 

29.51 

34.68 

14.10 

57.79 

2.6 

Hi bat 


22.71 

(18.17) 

2.87 

21. .S4 . 

38.39 

14.49 

.S8.47 

2.2 

bangaloie 


20.24 

(16.19) 

2.32 

.10.1.1 

36.62 

10.69 

60.17 

2.7 

Hay'» 

Bangalore 


21.26 

(16.37) 

1.41 

29.41 

35.18 

12.74 

55.90 

2.4 

nehydraied 

nieal“ 

92.7 

17.7 

(12.4) 

2.5 

24.0 

38.4 

10.1 

54.4 

3.4 

Silage, wilted* 

.16.2 

6.3 

(4.3) 

1.4 

11.4 

13.9 

3.2 

21.5 

4.0 

Straw* 

92.7 

9.2 

(4.7) 

1.5 

40.6 

34.6 

6.8 

42.6 

8.1 


Figures in parctitticscs clcnorc digestible protein content. 

‘Sen, Riill, Imliau Cnun. a^ric. Res., No. 25, 1952, 14-15, 20 21, 26, 28. 
“Morrison, 1000, 1056. 1002. 

« Dry basis. 
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0.2% level increases the nitrogen utilization l)y 30%. 
The biological value of lucerne proteins is 6o.5"o and 
digestibility cocflicient, 74% (Kuppuswamy ct al., 221, 
229-30 ; Morrison, 296). 

The mineral constituents present in lucerne are the 
following (av. values, dry basis): calcium (CaO), 2.80 ; 
phosphorus (P2O...), 0.74; potassium (K^O), 4.11; 
sodium (Na/)), 0.35 : and magnesium (MgO), 
o..j4%: trace elements: barium, chromium, cobalt, 
copper, iron, lead, manganese, molybdenum, nickel, 
silver, strontium, tin, titanium, vanadium and zinc 
(Sen, Bull. Indian Conn, afrric. Res., No. 25, 1952, 14 : 
Chamberlain, K. Afr. agric. /., 1955-56, 21, 103). 

Lucerne is a valuable source of vitamins A and K : 
it contains: ^-carotene, 6.24: ihiamine, 0.15: ribo- 
flavin, 0.46: niacin, 1.81 : and a-tocopherol. 15.23 
mg./ 100 g. ; pantothenic acid, biotin, folic acid, 
choline, inositol, pyridoxine, vitamin B,. and vitamin 
K are present. Fresh lucerne is rich in vitamin C 
(1.7S mg./g.) but it loses 80% of the vitamin on dry- 
ing. Crowth regulating substances (unidentified) 
have been reported (Thorpe. VII. 404 : Morrison. 
301, 1106, 1113 : Altschul, 709 : Brother et al., Yearh. 
Agric. IJ.S. Def). Agric., 1950 51, 345 : Sahadeo et al., 
Proc. Indian Acad. Sci., 1949, 330 - 

The pigments present in lucerne are jS-carotene, 
xanthophylls and chlorophyll : xanthophylls include 
lutein, violaxanthin, cryptoxanthin, zeaxanthin and 
neoxanthin. A flavone, tricin, which inhibits the 
movements of smooth muscle has also l)een isolated. 
Lucerne is reported to contain citric, malic, oxalic 
and malonic acids : succinic, fumaric, shikimic and 
(juinic acids are present in minor (piantilies (Bickotf 
et al., J. agric. Fd Chem., 1954, 2, 563 : Ferguson et 
al.. Nature, Loud., 1950. 166, 116: Altschul, 7(X9 : 
Richardson & Ilulme, /. Scl. Fd Agric., 1957. 8 , 326). 

Lucerne wax consists of c. 30% esters (chiefly 
myricyl stearate) and 70% parallins (nonacosane and 
hentriacontane) ; an alcohol fraction (m.p. 85-85.5°) 
containing //-triacontanol and //-octacosanol has been 
separated from the wax. The lipids are composed of a 
glyceride fraction and phosphatide fraction. The 
component fatty acids of the former fraction are: 
saturated, 19.9; oleic, 31.0; linoleic, 16.9: and lino- 
lenic, 32.2%). Lticerne phosphatides are composed 
of lecithin (0.08%) and cephalin : the compo- 
nent fatty acids of the phosphatide fraction are: 
saturated, 13.3 ; oleic, 36.8 ; linoleic. 14.7 : and lino- 
lenic, 35.2% (Warth, 236 : Blair et al., Indusir. 
Engng Chem., 1953, 45, 1104; WittcolT, 243 : Jackson 
& Kummerow, /. Amer. Oil Chem, 5 oc., 1949, 26, 26 : 


TABIK 2— NUTRITIVI-: VALlJbS OF LUCERNE AND OTHER 
CULTIVATED INDIAN FODDERS* 

('V, <Iry basis) 



Protein 

Sol. ash 

Dig. 

|)rotcin 

'Total tlij;. 
iiiJtrirnis 

Nuiri- 

li\c 

nitio 

I.iKrriu* 

1 0.00 

11.7.^ 

(CaO, 2.S) 

15.02 

57.70 

2.6 

jow.'ir 

(younj; 

M.'lgC) 

S.‘U 

6.4s 

(CaO, 0.51) 

4.20 

.S6.07 

12.4 

h.'ijr.'i 

(jus! Infort* 

tbnvcTinj*) 

16.25 

10.00 

(CaO, 1.06) 




Oats 

I4.6t 

lO.SI 

(CaO. 0.67) 

10..S0 

66.70 

5.4 


6.74 

4.‘>0 

(CaO. 0.7.^) 

4.1 I 

6S.2S 

15.S 

IT I StTIU 

1 7..15 

12.00 

(CaO, 2.7) 

14.10 

64.46 

.T6 

ii 

15.46 

6.10 

(t:aO, l.S‘b 

12.61 

64.04 

4.1 

Hull. Indian Conn, aj^ric. Res., 

No. l.\ 

1052, a|)|»x 1 

^ III. 


Ghatak cV Krishnamurti, /. sci. industr. Res., 1999. 
14A, 285). 

The enzymes reported in lucerne are amylase, 
emulsin, coagulasc, peroxidase, erepsin, lipase, inver- 
tase and pectinase. Among the miscellaneous consti- 
tuents present in lucerne are: toxic saponins (0.5-2%, 
or more), an alkaloid /-stachydrine (0.14'V,) which also 
occurs in seeds, and two ketones, myristone (Cjrll-.iG. 
m.p. 74-75°) and alfalfone (C.,,H,:.(), m.p. 88.5-88.8"). 
A saponin mixture comprising six or more triterpe- 
noid saponins has been extracted from dehydrated 
lucerne. The sapogeiiins obtained by the acid hydro- 
lysis of the mixture include a mono-unsatu rated di- 
hydroxy dicarboxylic acid (C.jJ m.p. 349 50°) 
and soyasapogenols A, B and C (m.p. 318 20", 260" 
and 240-41" respectively). The saponins have pro- 
nounced action on cardiovascular, nervous and diges- 
tive systems. Symptoms of bloat have been produced 
ill experimental animals (sheep) by oral or intra- 
venous administration of saponin extracts (Winton 
& Winton, I, 655-58 : landahl et al., Tech. Bull. U.S. 
Dep. Agric., No. 1161, 1957, 49, 62, 64-66, 80-81). 

Hay — Green leafy hay prepared from plants cut at 
the pre-bloom stage serves as a nutritive roughage for 
almost all classes of livestock, particularly dairy 
cows, breeding stock and young growing animals. 
Tn the U.S.A., c. 8o^’o of the lucerne crop is made 
into hay. Care is taken to avoid loss of leaves during 
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(trying : leaves contain nearly twice as much protein 
as the stems. Mixing with bhusa serves to reduce the 
loss of leaves during storage. The loss of carotene 
during curing may he as high as 80-90% (Lander, 
161-62 : Hutcheson c/ (//., 313 : Morrison, 30(M)2 : 
Howard, Bull, uirric. Res. Inst. Pusa, No. 150, 

32 ; Grilliihs, Eani. But., 1949, 170). 

The chemical composition of lucerne hay is given 
in Table i. Hay contains the following vitamins (av. 
values): vitamin A, 3.013 i.u. : thiamine, 0.29 mg.: 
rihollavin. 1.37 mg. ; niacin, 3.84 mg. ; pantothenic 
acid, 1.78 mg.: biotin, 0.018 mg.; vitamin 1). 199.5 
i.u. : and vitamin K (as a-tocopherol), 2.60 mg. / too g. 
Hay prepared from early cut lucerne is used for dairy 
cattle, while that from mature crop is fed to horses, 
sheep and feeder cattle. Lucerne hay should he fed 
to dairy cows after milking, as otherwise it is liable 
to taitit the flavour (d milk (Morrison, 300, 304, 1 104, 
1 1 10, 1 1 13 : Crifliths, loc. ( it.). 

Lucerne meal — Lucerne meal is obtained from de- 
hydratc'd cuttings or hay hy grinding. Dehydrati'd 
meal contains twice as much carotene as sun cured 
meal ( fahle 3) but is deficient in vitamin 1). Stan- 
dard lucerne meal is graded in U.S.A. on the basis 
of i3‘\„ 15V.. and 17’'., protein. Lucerne leaf meal, 
prepared mainly from leaves, is a high grade feed 
containing o\er 20".. protein (Table 1) (Morrison, 268, 
303: Brotlier ct ai, Yearh. A^ric. U.S. Dep. Agrie., 

'95«--5'- 345)- 

laicerne meal is used in U.S.A. as a vitamin A sup- 
plement in rations for poultry, hogs, dairy calves and 
horses. In formula mashes for poultry, the addition 
of ^-5'V, meal is considered adetpiate. In addition to 
meeting vitamin A requirements, it supplies vitamin 
K which in poultry is necessary to prevent haemorr- 
hagic troubles. Kxccssive feeding of meal may retard 
the growth of chicks possibly due tf) the |nesence of 
saponins. Cattle, dairy and hog feeds often (ontain 
10 15% meal (Morrison, 303, 307 : Peterson, ]. hiol. 
Chon., 1950, 183 , 647 ; Alt.schul, 713). 

Chlorophyll is extracted from ground lucerne meal 
on a commercial scale. Lucerne meal is a rich source 
of /J-carotene and xanthophylls : the |)igments are 
recovered from the meal hy extraction with organic 
solvents and suhse(|uent fractionation either hy dis- 
tribution between immiscible solvents or hy chroma- 
tographic technicjtie : phytol and sterols, potentially 
useful for the manufacture of sex hormones, arc 
obtained as by-products. The residual meal is useful 
as a feed for stock. Lucerne may be employed 
as a source of vitamin C and other water-soluble vita- 


TABLE 3— CAKOTENE CONTENT OF LUCERNE PRODUCTS* 



Carotene 

Vitamin A 


mg. /1 00 g. 

activity 
i.u./ 100 g. 

Clrivii foragt! 

6.2 

10,.t98 

Hay (av. val.) 

Mtal, flcliydratc'd 

l.« 

.Mil 4 

(i7"„ protein) 

Meal, sun-curetl 

9.4 

l.S,.S79 

(l7‘’o protein) 

.S..^ 

H.SIS 

Leaf meal, dehydrated 

1.L9 

24,111 

Sihige 

4..i 

.S,.S48 


•Morrisnii, 1104, 1106. 


mins (Burdick, Leon. But., 1(^56, 10, 267 ; Brother et 
a!., loc. cit. : Grilliths, loc. cit.). 

S/7^/«c- -Lucerne and mixtures of lucerne and grass 
make good silage. When lucerne alone is used, 
fermentation is assisted by the addition of molasses. 
A good silage is obtained by ensiling willed cuttings. 
The ('omposiiioiis of lucerne silagv and straw are 
given in 'Pable i (Morrison, 279 82, 309, 331 : Fortes- 
cue, /lgr/c//////r('. Lund., 1(^52-53, 59, 261). 

Cattle and sheep fed on lucerne as the sole source 
of roughage occasionally sulTer from bloat or tympa- 
nitis. 'I’he disease is attributed to the presence of toxic 
saponins and may be prevented by feeding (orn or 
sorghum silage along with lucerne hay or using 
mixed lucerne-gra.ss pasture. Fodder cut at the ilower- 
ing time and (tried in the field rarely causes bloating 
(Chopra et a!., 339; Morrison, 28 29. 302*: Dabad- 
ghao, loc. cit.). 

Other — Several methods have been developed 
for proccsSsing lucerne leaves into ( oncentrates and 
beverages lit for human consumption : they involve 
tJie removal of odour and taste characteristic of 
lucerne and al.so the fibre. A fibre-free concentrate is 
pre|)ared by steeping lender leaves in cold water, 
followed by grinding in a blender, extraction with 
water, concentration and drying under v<Tcuum. The 
product so obtained (yield, 13V..) contains: protein, 
44.2 ; fibre, 0.86 ; ether extr., 3.55 ; N-free extr., 30.69 ; 
ash. 13.2: calcium, 1.90: and phosphorus, 0.52%: 
carotene, iio.i mg.; ascorbic atid. 51.6 mg.: and 
thiamine, 1.15 mg./ioo g. (Anandaswamy & Date, 
Bull. cent. Fd tcchnol. Res. Inst., Mysore, 1955-56, 
5, 8, 105). 

Tender lucerne leaves are used as vegetable in 
China and parts of Central Ru.ssia. A specially pro- 
cessed meal is an ingredient of some j)roprietary 
infant ioods in U.S.A. [-.ucerne leaf powder (protein, 
32.7% : calcium, 1.84%) forms an excellent supple- 
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nicnt to poor rice diets, the optimum level for supple- 
mentation being 47o. As a source of calcium and 
phosphorus, it is comparable to milk })o\vdcr 
(Grifliths, loc. cit. : Altschul, 71^; Sur & Subrah- 
manyan, (Atrr, Sci., 1954, 23 , 188 : Imiian J. wed. 
Rcs.y 1955, 43 , 231 ; Sur, Bull. cent. Fd trclinol. Res. 
Iml., Mysore, 1954-55, 4 , 159). 

Laiccrne can effectively replace wheat bran subs- 
trate for the culture of micro-organisms : it may he 
employed in the protluclion of penicillin from 
F. twlalum and amalyse from H. subtilis. A pecrinase 
solution suitable for clarification of fruit juices has 
been separated from lucerne. A process lias been 
worked out for extracting sugars and fermenting 
them to alcohol and acetic acid. Lucerne fibre has 
been utilized in paper manufacture (Lulla, Research, 
1950, 3 , 581 : Kerlesz, 369: Bull. cent. Fd Icchnol. 
Res. Inst., Mysore, 1952-53, 2 , 6 ; Chew. Abslr., 1950, 
44 , i(k;6o ; Grifliths, loc. cii.). 

Lucerne may he grown as a cover crop and fre- 
(piently increases the yield of succeeding crops. It 
has been used for manuring potatoes, jowar and apple 
and orange groves. Analysis of green material gave 
the following values: nitrogen, 0.85: ph()S|)horus 
(ILO.), 0.14; potassium (K.O), 0.72: and calcium 
(GaO), 0.39”,, (Whyte el ah, 290 : Hutcheson et al., 
313 : Lieters, 201 ; f.eafl. Dcp. A^ric. Bombay, No. 7, 
1926: I’iper cV Pieters, Fwrs' Bull. U.S. Dep. /Igr/V., 
No. 1250, 1922 ; Rajatti cV l^itil, Poona afrric. Coll. 
Ma^., 1956-57. 47 , 128). 

Liuvnie is valued as bee pasturage. Analysis of 
lucerne honey gave the following average values: 
water, 16.56 : invert sugar, 76.90 : sucrose, 4.42 : 
dextrin, 0.34: protein, o. ii : a('id (as formic), o.oS : 
and ash, 0.07" , (Holland. Keze Bull., 1919, 3 ; Pellelt, 
Fcofi. Bot., 194S, 2 , 185 : Winton cV Winton, IV, 

59 )- 

A(|ueous and ethereal extracts of lucerne plant 
show anti-bacterial activity against Gram-negative 
bacteria. Powdered lucerne is used as a diluent to 
adjust the strength of standard Dii^italis powder. 
Lucerne root is used as an adulterant of Belladona 
root (Nickell, Ecofi. Bot., 1959, 13 , 281 ; Wallis, 306: 
Hocking. 137). 

Analysis of lucerne seeds gave the following 
values: moisture, 11.7: protein. 33.2: fat. 10.6: 
N-frec extr., 32.0: fibre, 8.1: and mitieral tnatter, 
4.4%. I'he seetls contain the alkaloids, stachydrine 
and /-homostachydrine ; an unidentified base is also 
present. The seeds yield 8.5-1 1*;.. of a drying oil (iod. 
val., 167.8) suitable for use in the paint and varnish 


industry. Lucerne seed screenings are ground and 
used to a limited extent in cattle feeds. The seeds con- 
tain a yellow dye. They are considered emmenagogue 
and lactigenic, and are used as a cooling poultice for 
boils (Murrisr)n, 1042, 494 : Wiehler & Marion, 
C(wad. J. Chew., 1958, 36 , 339 : Jamieson, 253 : 

I ebon, 77; Parsa, Qualit. Plafil. Mai. Leg., i960, 
7 , 76). 

MEDINILLA (L'ludich. [Melastoniataceae) 

KI. Hr. Ind., 11. 546. 

A large genus of shrubs or small trees distributed 
from western Africa to the Pacific Islands. Six species 
occur in India. 

M. rubicunda Blume (As.sam Bo<^ilen^a), a shrub 
or small tree, 4.5 m. high, is found in the suh-t topical 
Himalayas from Sikkim eastwards in northern 
Bengal, Khasi and Lushai hills and Lakhimpur in 
A.ssam, at allitiah s of 600-1,800 m. Leaves elliptic to 
lanceolate : (lowers pink, in cymes : fruit an ovoid or 
suh-globose berry, black when ripe. The leaves arc- 
eaten cooked, and the fruits, though insipid, are 
edible (Kl. As.sam, 1 1 , 302). 

MELALEUCA Linn. (Myrtaceae) 

A large genus of shrubs and trees native of Austra- 
lia : one species extends into the tropical regions of 
Asia. Most species yield essential oils. A/, leucaden- 
drnn and a few other species have been introduced 
into India and grown in gardens. 

M. leucadendron Linn. Cajcim i 'ruKK 

D.K.P., V. 204 ; FI. Br. Ind., II, 465 ; Kirt. Basil, 
PI. 420. 

IIiNOi Kayaputi ; Bi:\(;. — Cajuputte, cajaputi : 

M \K. ('.ajupula : Tam. Kaiyappudai. 

An evergreen tree of small or moderate size with 
pendulous branches, sometimes attaining a height of 
21 m. and a girth up to 1.5 m. Bark white, soft, 
spongy, peeling off in elongated papery flakes : leaves 
oblong-elliptic, gland-dotted : flowers small, creamy 
white, in more or less interrupted elongate spikes ; 
capsules small, globular or hemispheric, woody ; 
seeds numerous, ohovoid (U* cuneate, very small. 

M. leucadendron is indigenous to Burma, Gamho- 
dia. Tlutiland and Malay Peninsula to Australia. It 
occurs in swamps and low-lying areas and shows 
tolerance to saline and acid .soils. It is variable : var. 
minor Duthie, the chief sourci; of Gajiiput Oil, has 
been introduced into India and is grown in gardens 
and parks as an ornamental. It is propagated by seeds 
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or ciittiiigs. Seals ariilit ially sown do iiol germinate, 
l)iii self-sown seedlings are common around trees 
(Bent hall. 247 : Chittenden, III, 1276). 

I'resh leaves and terminal hranchlets yield, on 
steam-distillation, a volatile oil, ki*own in the trade 
as Oil of Cajiipiit (Oletim Cajuputi) and used in 
mediiine. The fresh oil is colourless or light yellow 
with an agrceahle camphoraceous odour and a 
slightly hitter aromatic taste. The commercial oil is 
often green dtie to the presence of traces of copper ; 
it can he remlered colourless hy steam-rectilication. 
The physico-chemit al |)ro|)erties of the oil, as speci- 
lied in the Indian Pharmacopoeia, are as follows: 
sp. gr.‘" , 0.913-0.926; , 1.464 1.472; |o|,j, up to 

-4' : cineole, 50 65 ; .sol. in 2 vol. of So'/,, alcohol, 
hecoming less sol. with age. Besides cineole, the oil 
toniains (i-terpineol and its esters, /-n-pinene, /-limo- 
nene, dij)entene, ses(|uitcr|)enes. a/ulene, sest|uiter- 
peiie alcohols, valeraldehytle and ben/.aldehyde. The 
oil is sometimes cut with eucalyptus oil, fatty oils or 
kerosene. The oil should ])e preserved in well filled 
closed containers protected from light and stored in 
a cool place (Chieniher. IV, 542 4S : I.P., 419 ; B.P.C"., 

Oil of cajuptit is imported into India, chiefly from 
France and Netherlands. The (|uantities imported 
during 1957, 195^, 1959 and i(j6o-6i were respec- 
tively: 10,745 Ih. (value. Rs. 48,588), 6,449 Ih. (value. 


Rs. 23,885), 1 1,737 Ih. (value Rs. 31,617) and 21,049 Ih. 
(value, Rs. 54,992). The oil is used internally as an 
expectorant in chronic laryngitis and bronchitis, and 
as carminative ; overdoses cause gastro-intestinal 
irritation. It acts as an anthelmintic, especially 
against roundworms. The oil relieves toothache if 
iiurotluced into hollow carious teeth. It forms a 
constituent of ointments and liniments and is consi- 
dered elHcaceous as a counter-irritant in chronic 
rheumatism. It is valued as a mostpiito repellent and 
and has the advantage over ciironella oil in that it is 
less volatile. It is also effective against lice and fleas 
(U.S.l)., 1955, 1610: B.P.C’., 1959. 155: Burkill, II, 
1433 ; Kirt. Basil, II, 1042-43 ; (hienther, IV, 548). 

The wood of A/. Icucadoidroti is reddish brown, 
hard and moderately heavy (vvt., 45-51 Ih./cii.ft.). 
It is fine- and even-textured, mottled or veined and 
diflicult to work, hut can he brought to a smooth 
finish with sharj) tools : it is apt to split and warp in 
(Irving. The wood is strong and durable in contact 
with wet ground and sea water. It is used for posts, 
piles and ship huilding : it is suitable for railway 
sleepers (Uamble, 351 ; Browne, 276 77 ; Burkill, II, 
143 ')- 

The hark is papery, almost 4 m|)ervious to water and 
resistant to deiay. It contains a high percentage of 
cork cells and resembles chemically the cork of 
Qucrcus stihrr Linn., hut has structural differences 
that preclude its use as bottle stoppers : it can replace 
cork as an insulating material. The bark is used for 
stufling cushions, pillows and m;il tresses, life belts 
and floats of fishing nets. It was formerly used for 
inscribing sacred writings (Bailey, i(;47, II, 2022 : 
Bryant, /h/.s 7 . /. Sc/., i<;5o, 12 , 182 : Indian For., 1956, 
82 , 209 : Thomson, ibid., 1955. 81 , 715 ; Browne, 276 ; 
Burkill. II, 1431-32 ; Bentball, 249). 

A/, goiistifolia Sm. is a small ornamciital tree with 
linear-lanceolate leaves and while flowers in s[)ikes, 
indigenous to Australia and grown in hotanical 
gardens at Saharanpur and Lucknow (Parker, 246; 
Singh, *Sc/. & Cult., 1956-57, 22 , 114). 

The leaves and terminal twigs of the tree yield 
<^•53 volatile oil with a marked turpentine 
odour. The oil has the following characteristics: 
.sp. gr., 0.880: 1.470: 4-32.7”: sap. val., 

6.8 : in.sol. in 10 vol. of 8o'\, alcohol. The oil consists 
mainly of ^/-pinene : it contains cineole (c. 2*,'..) and 
traces of aldehyde. The oil may be employed as a 
substitute for turpentine but the yield is too low to be 
economical [Krishna & Badhwar, /. sci. industr. Res., 
1950, 9A(3), suppl., 230]. 


320 



MELANORRHOEA 


MELANOCENCHRIS Nccs [Gramvicac) 

A small genus of tufted grasses found in tropical 
Asia and Africa. About 3 species are recorded from 
India. 

M. jacquemontii Jaub. & Spach syn. A/. nMrnua 
Nees : Gracilca roylcana Hook. f. 

D.E.R, III, 424 ; V, 207 : FI. Br. Ind., VII. 2S4 : 
Blatter McCann, 248, PI. 165. 

I IiNOi -PI ml si. 

Bombay -Giili, bedari, dongri, lnndgcyalmssal. 

A slender, densely-tufted annual, ^5 
found nearly throughout India, except in Assam. 
Leaves 2.5-5 *^-*^'*- blifotni, linear-lanceolate, grabrous 
or nearly so ; inflorescence of fascicled spikelels, 
1.2 -7.5 cm. long. 

"riie grass is fairly common in sandy, stony or 
barren ground and is grazed by cattle when young 



FIG. 109. MELANOaiNCHRlS JACQUEMONTII-IN FLOWER 


(Mooney, 164 : Ranga Achariyar, 245 ; Blatter 6 : 
McCann. 249). 

M. monoica (Rottl.) Mscher syn. Gracilca nulans 
Koenig 

FI. Br. Ind., VII. 2S3 : FI. Madras, 1831 ; Ranga 
Achariyar. 244, Fig. 187. 

Tkl. — A chain lialagaddi. cm pc nalagaddi. 

A perennial grass with culms. 15-42.5 cm. high, 
found in ilie dry localities of the eastern coast from 
Krishna river to S. Arcot and also in My.sore and 
Nilgiris up to boo m. Leaves lanceolate, coriaceous, 
1. 8 -2.5 cm. long ; inlloresccnce of 4-6 closely appress- 
ed spikelets, 2.^-y.^ cm. long. 

The grass grows in open, somewhat dry, loamy 
and laterite soils and withstands dry weather. It is 
relished hy cattle. Analysis of the air-dry grass gave 
following values: moisture. 8.41 : protein, 4.63: fat, 
1.37 : fibre, 26.52 : carbohydrates, 47.0 ; and ash, 
i2.07"o (Jacob, Madras agric. /., 1940, 28 , 63 • 

Ramiah, Ball. Dcp. Agric. Madras^ No. 33, 1941, 14 : 
Tadulingam, Ycarh. Dcp. Agric. Madras, 1917, 
49 )- 

MELANORRHOEA Wall. (Atunardimritr) 

A small genus of trees yielding a resinous lac(|uer, 
distributed in South-Fast Asia. M. asiiata, the source 
of Burmese Laci|uer, occurs in India. 

M. usitata Wall. Burmesk LAtiguER Tree 

D.F.P., V, 208 : C.R, 779: FI. Br. Ind., II, 25 ; 
Kirt. & Basil, PI. 277. 

Mamiuui — Klica. 

'rR.\DE T hit si. 

A large deciduous tree, up to 18 m. in height and 
2.7 m. in girth, with a straight cylindrical bole up to 
9 m. long, found in Manipur. Young branches 
villous ; bark dark grey, exfoliating in small angular 
thin flakes : leaves oblong or obovate-cimeate : 
flowers in axillary, laxly cymiilose, tomentose pani- 
cles, white : drupes globular, red, borne on a thick 
stalk subtended by enlarged, stellately spreading 
persistent petals. 

The tree is a light demander, but appears to benefit 
from slight shade when young. Natural regeneration 
is good in areas where trees are not subjected to 
lieavy tapping for laetjuer : good seed years, however, 
arc irregular. The fruits fall parachute-like revolving 
rapidly and are carried to some distance. Seeds 
germinate soon after falling but seedling growth is 
somewhat slow ; they do not stand cold or frost. For 
artificial reproduction direct sowing or transplanting 
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basket plains give good results ; transplanting from 
the nursery is somewhat risky ( I'roup, 1, 244 45 ; 
Wright, hiduni For, Rrc,, 1919-20, 7 , 75). 

A natural varnish, known as Burmese lacquer or 
thitsiy is obtained by tapping trees through V-shaped 
incisions in the bark. A bamboo joint closed at the 
outer end is chiseled and inserted into the incision to 
receive the exuding varnish. After about ten days, 
when the How almost ceases, a .second cut is made 
along each side of the incision and the exudation 
collected : the wounds are freshened up or fresh inci- 
sions made to derive further (piantities of tlie oleo- 
rcsin. As many as 40 or 50 taps may he made in one 
tree, extending from the base to a lieight of 9 m. The 
tapping season lasts from the middle of June to the 
middle of February ; but maximum yields are obtain- 
ed during fuly-Ociobcr. The size and appearance of 
a tree are often misleading as to its thitsi yielding 
capacity. A good tree is reported to yield 2-8 kg. of 
oleoresin annually (Wright, loc. cit. ; Barry, 142). 

Freshly collected resin is a viscous, greyish li({uid 
with an aromatic odour. It is acrid and on contact 
with skin, causes violent erysi|)elatous swellings 
accompanied by pain and fever. The resin is soluble 
in alcohol, turpentine and benzene. It resembles 
Japanese lactpier (from Rhuii vrrnicifliui Stokes), but 
dries rather slowdy into a lustrous, hard, hlack mass. 
Mixing with gold size improves its drying properties 
and intensifies the colour. Analysis of tw^o samples of 
resin gave the following values: urushiol (uru.shic 
acid), 86.24, 8.V-4 * g*^**^^’ 3-52 » ttnd oil, 

0.53",, ; it contains, besides urushiol, thitsiol, an iin- 
saiu rated homologue of lio-hydrourushiol which is 
also |)resent in Japanc.se lactpier, but in a much 
smaller concentration (Heaton, 301 : Barry, 142). 

Thitsi is widely used in Manipur. Burma and Siam 
as a water-proofing paint for boats, household vessels 
intended to hold food, paper and cloth, as size or glue 
for gilding and as a non-fouling and preservative 
paint for wood, metalware and leather. It has been 
used also for palm leaf inscriptions. The paint, how- 
ever, takes too long, even months, to dry and 
re(|uires damp cool conditions. Linseed oil may be 
used for thinning the lactpier and various pigments 
may be incorporated to obtain coloured finishes. With 
saw dust, hone ash and other substances, the varnish 
gives a (ement tised in glass mosaics. Burmese lac- 
(|ucr is adulterated with sesamum oil, oil from the 
iruits ol Aleuntcs moluccana and oleoresins of 
Diptcrocarpus spp. (Rodger, 89; U.S.D., 1955, 1732; 
Imliau For.y 1924, 50 , 597). 


The tree yields a hard and durable timber. The 
sapw^ood is pinkish white, narrow ; hcartwood dark 
red, sometimes with yellowish red streaks, turning 
much darker with age. Thitsi wood is straight- to 
interlocked-graincd, coarsc-textured, strong, elastic 
and heavy (sp. gr., c. 0.69 : wt., 56 (44-63) lh./cu.ft.|. 
Reports on its seasoning behaviour are conflicting. It 
is said to warp and split liadly : on the other hand, 
good specimens with little defect and no signs of 
warping have been obtained. Conversion of logs soon 
after felling is recommended. In kiln drying, the 
timber is apt to become horny and hard. It is easy 
to saw when green, hut dilficult when seasoned. It 
can be worked with little difficulty on machines and 
by hand tools. It finishes to a good surface, taking a 
beautiful lasting polish. Its chief defect is the 
tendency to snap under sudden strain. The data 
for the comparative suitability of timber, expressed 
as percentages of the same properties of teak, are: 
wt., 125 : strength as a heatn, 70 : stiffness as a beam, 
90 : suitability as a post, 85 : shock-resisting ability, 
55 : retentioti of shape, 80 ; shear, to5 : and hardness, 
150 I Pearson & Brow ti, I, 331 33 ; Litnaye, Indian 
For, Rcc., N.S., 'rinih. Mccli., 1954. L 54. Sheet 
No. 13 ; Rodger, 61]. 

The timber is durable, particularly under cover. 
Graveyard tests indicate a natural durability of 
15 years or more. 'Hie titnber is resistant to white 
atits (Pearson & Brown, I, 333 : Purushotham vl al., 
Indian For., 1953, 79 , 49 : Rodger, 128). 

The timber is used for building purposes as posts, 
beams, |)lanking, floors and w'indows, for furniture, 
bridge construction, rafters, anchor stocks, ploughs 
^nd tool handles. It is also suitable for gun stocks, 
railway carriages, sleepers, mitie props, sheaves, 
block-pulleys, etc. It is regarded as a good turnery 
wood, ft is said to yield good charcoal (Pearson 
Brown, T, 333 : Rodger, 61 : Litnaye, loc. cit.). 

The oleoresin is used as an anthelmintic ; it 
possesses a nauseous taste. Mixed with teak sawdust 
it is reported to l)e used for leprosy (Kirt. & Basil, 1 , 
563 : Indian For,, 1924, 50 , 597). 

MEL ASTOM A Linn. (A / claslo inaiaccaif) 

A genus of shrubs, rarely small trees, distributed 
chiefly from South and East Asia to Australia and 
Polynesia. About 4 species occur in India. 

M. malabathricum Linn. syn. M, polyanllium 
Blume ; M. Jiormale D. Don 

D.E.P., V, 210; FI. Br. Ind., IT, 523. 
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Mar.— Prt/ore* ; Tel . — Rattuda ; Tam. — Nakkiika- 
ruppiui ; Mal . — Kalampatti ; Kan. -Ankerki ; Oriya 
— Gongai, koroti. 

N Ei»Ai. — T idcisi, clioulisy ; Lepcha — T unghram ; 
A ss AM — Rh utuka. 

A very variable shrub, sometimes a small tree, 
found near water courses and moist places in the 
humid parts of India up to an elevation of i, 8(K) m. 
and in the Andaman Islands ; it is occasionally culti- 
vated in gardens. Bark reddish brown, thin : leaves 
lanceolate to oblong ; flowers in terminal corymbose 
panicles, mauve ])urple ; fruit broadly ovoid, trun- 
cate, pulpy within. 

The leaves, flowers and fruits are eaten : the pulp 
of the fruit is sweet and slightly astringent, resembl- 
ing blackberry {Ruhus spp.) in taste and flavour 
I Fischer, Rcc. hoi. Surv. Itidia, unS, 12(2), gc ; 
Bill-kill, IF. 1439I. 

The fruit yields a black or purple dye : it is stated 
that an ink can be prepared from it. A pink dye is 
obtained from the leaves and roots. The ashes of the 
plant are used as a dye mordant. Atlas silkworm is 
said to feed on the plant and yield a fine silk [Burkill, 
II, 1440 ; Neal, 569 ; Carter & Carter, Rcc. hot. Surv. 
India, 1921, 6(9), 401]. 

The plant is astringent and used in diarrhoea and 
dysentery and leucorrhoea. The bark and the roots 
are used for healing wounds and other skin diseases : 
they are also employed in the preparation of gargles 
(Kirt. & 1-iasu, II, 106S ; Burkill, II, 1440). 

MELIA Ijnn. (Mcliaccac) 

A small genus of trees, sometimes shrubs, distri- 
buted in tropical Asia and /Vustralia. Two species 
occur in India. 

M. azedarach Linn. Persian Ialac., Bead Thee 

D.l^.P.. V, 221 ; I, 432 : C.P., 780 ; FI. Br. Ind., 1, 
544- 

— Hakain, drek ; Kv.Nn.-Malianinh ghora 
uini ; Mar. — Rcjrl, Radrai ; Ou].- Bakam linihodo ; 
TKh. -Turaka vepa ; Tam. -Malai vcinhtt ; Mal. 
Karin vcvihu, sinia vcppu ; Kan. —Arc hevu. Iiutcliu 
hevu. 

Punjab — Drck : Nwal- -Bakaina ; Assam — 

Thamaga ; Khasi — Dicng-jaJi-rasang. 

Trade -Rersian Lilac. 

A moderate-sized deciduous tree, 9-12 m. high, 
with a cylindrical bole c. 3.5 m. long x 1-1.2 m. 
girth, found growing wild in the snh-Hiinalayan 
tract up to i, 8(K) m. Bark dark grey with shallow 



longitudinal furrows ; leaves hi- or occasionally tri- 
pinnate: leaflets ovate or lanceolate, serrate; flowers 
lilac, fragrant, in axillary panicles ; Fruit an ellipsoid- 
globose drupe with 4-5 seeds. 

M. azedarach is a native of West Asia and is now 
naturalized throughout the warm countries. In 
India, it is often cultivated in the plains as an orna- 
mental avenue tree. It bears a spreading crown and 
withstands a colder climate than ncem (Azadirachta 
indica) ; it is sometimes grown as a shade tree in 
collee and tea plantations. It flowers during the hot. 
sea.son and fruits ripen during the cold weather. It 
is well suited for allorestation purposes (Troup, I. 
183: Krishnaswamy, 125-26: Burkill, IF, 1441 : Bor, 
253 ; Macalpine, Tocklai exp. Sta. Memor., No. 24, 
1952, 161). 

Under natural conditions, the plant regenerates 
freely from seeds during the rains. Artificial propa- 
gation is possible by direct sowing, transplanting 
seedlings fiom the nur.sery or by cuttings and root 
suckers. The plant grows fast in the early stages, the 
annual girth increment being 1. 5-2.0 in. It coppices 
well up to a girth of 3 ft. The tree does not live long 
and needs to be replaced after c. 20 years. The tree 
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is pmnc to the attack of Foftirs sciicx Nccs & Mont. 
I'rroiij), I, 1S4-85 ; Chatiirvedi, Indian Fm^, N.S., 
1956-57. 6(6), 14 ; Krishnaswamy, i26|. 

The tree yields a valuable limber. 'Hie sapwood is 
yellowish white : heartwood red, turning reddish 
brown with age, mostly straight-grained and coarse 
textured. It is tough, moderately hard, moderately 
heavy (sp. gr., 0.56 ; wt., 29 53 Ih./cu. ft.), durable 
and lustrous with dry feel. It seasons well with care 
and does not re(|uire antiseptic treatment. It is resis- 
tant to attack by white ants. It is easy to work, turn, 
peel and finish. The data for the comparative suit- 
ability of the timber, expressed as percentages of the 
same properties of teak, are: wt., 85; strength as a 
beam, 75 : si iff ness as a beam, 70 ; suitability as a 
post, 70 : shock-resisting ability, 155 : retention of 
shape. 60: shear, 125: and hardness. 75 (Pearson & 
Brown. I. 239 41 : Limaye, Indian For, Rcc., N.S., 
Tinih. A/cc//., 1954, 1 , 54. Sheet No. 13). 

I'he wood is used for toys, cigars and ammunition 
boxes and packing and museum cases. It is suitable 
for .s|)ortsware, roofing material and agricultural 
implements. It is useful for furniture, ornamental 
|)lywood. turnery and musical instruments. It is u.sed 
also as fuel wood (calorific value, 5,043-5,176 cal.) 
(Pearson Brown. I. 241 : li. 1076, 1084 : Troup, I, 
183 ; Sekhar, Indian For., 1955, 81 , 731 : Chatiirvedi, 
loc. cit. : Howard, 361 : Indian For., 1948, 74 , 279). 

The tree is lopped for fodder. I'hc leaves of M. 
azrdarach, unlike tho.se of neem, are only slightly 
hitter ; they are occasionally eaten after boiling with 
vegetables. Leaves are used also as green manure 
[Parker, 72 : Laurie, Indian For. Lrafi., No. 82, 1945. 
3 ; Sanval & Banerjee, East. P/iann., 1959, 2 (i 6 ), 7 ; 
Degener, J.N.Y. hoi. Gdn, 1945, 46 , 82 : Cowan & 
(]owan, 32]. 

'riu* leaves, bark and fruits are accredited with 
insect-repellent properties. Leaves arc placed inside 
books and between folds of woollen garments to 
protect them against insect attack. Extracts of leaves, 
used in sprays, protect plants against grasshoppers 
and locusts. A decoction of dry leaves (2-5%) is 
elTeciive against locusts ; the active principle is 
reportefl to be an alkaloid soluble in hot water. A 
carotenoid, meliatin, present in aqueous suspensions 
of leaves acts as a repellent to grasshoppers. Extracts 
of the i)lant are reported to be used in Ghana (Gold 
Coast) for protecting cocoa beans against infesta- 
tion by EpJicstia sp|). Alcohol and petroleum ether 
extracts of the stem hark are toxic to carpet beetle 
larvae (Heal cl ah, Lloydia, 1950, 13 , 89 ; Bal ct ah, 



FIG. 111. MELIA AZEDARACH-FRUITING BRANCH 


/. Sci. Club, Calcutta, 1952-53, 6 , 14 ; Agric. Livc-Stk 
India, *939’ 286; Cdicni. Ahslr., 1946, 40 , 2922 : 

Irvine, Colon. PI. Anini. Prod., 1955. 5 , 34). 

Ihe fruits ol the plant possess an unpleasant odour 
and an intensely bitter nauseating taste. The hitter 
constituents arc present exclusively in the pericarp, 
not in the kernel as in the ca.se of neem fruit. An 
amorphous bitter principle, named bakayanin (m.p. 
indefinite Irom 85-118°) has been isolated from the 
pericarp : it yields on hydrolysis a crystalline neutral 
substance, neo-hakayanin (m.p. 224°) and an 

amorphous hitter acid, bakayanic acid (CajHajO,). 
Bakayanin is bitter in dilutions of i in io,o(X). The 
fruit contains an alkaloid a/.aridine, also called 
margosine, a brown resinous substance, a non-bitter 
acidic substance, a sterol and tannins. It contains 
glucose and starch and may be employed as a raw 
material for the production of alcohol. A kind of 
whisky is reported to he made from the fruits. The 
stones of fruits are used as beads in necklaces, 
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rosaries, etc. (Watt & Breyer-Brandwijk, 93 : Amir 
Chaiul cl (iL, /. sci, industr. Res., 194S, 7B, 69 ; diem. 
Ahstr., 1939, 33 , 6951 ; Tschirch & Stock, 11 , 1756; 
Biirkill, II, 1442 : Chatiirvedi, loc. cit.). 

The Iriiits of M. azedarach are considered poison- 
ous to man and animals, though sheep, goals aiul 
birds have been observed to ear the fruit without 
apparently any ill effect. Cases of severe poisoning, 
as a result of eating the fruits, have been reported ; 
the patients develop symptoms of colic, diarrhoea 
and vomiting. Symptoms of paralysis ;md narcosis 
have been produced in experimental cats, dogs and 
sheep by ingestion of the fruit (Burkill, 11, 1442 : 
DalzicI, 327 : Chopra et al., 28S : Chopra, 1958. 364). 

'The seeds yield 4o';u of a drying oil with an 
agreeable odotir. The oil has the folltiwing constanis: 
(11: , 0.9134 : , 1.4691 ; sap. val., i(;o.8 : iod. val., 

134.7: acid val., 4.^5: and imsa|)on. matter, 

'The fatty acids of the oil arc: saturated (palmitic 
and stearic), 11.4: and unsaturated (oleic and lino- 
leic), 88.6 ‘'m. The unsaponiliable matter contains 
phytosterol and aromatic hydrocarbons. 'I'lie oil is 
suitable for making soaps and hair oils (Kckey, 559 : 
Cliem. Ahstr., 1933, .V>9^^ • Btirkill, 1(^09, 18). 

Various parts of the tree are reported to possess 
therapeutic value. 'I'he leaf juice is considered anthel- 
mintic, aiitilithic, diuretic and emmenagogue : a 
decoction of the leaves is regarded as astringent and 
stomachic. A ])otilticT of the flowers is applied to 
eru[)tive skin diseases and for killing lice. The fruit 
is used in C'hina as febrifuge and disinfectant : seeds 
are |)rescribed in rheumatism. A gum collected from 
the tree, which is similar to that obtained from 
neein and wood apple (Feroiiia limonin), is consider- 
ed useful in spleen enlargement. An infusion of the 
hark is effective against ascariasis : the active prin- 
ciple I !,(),, in.p. 154*^) is reported to be com- 
parable to santonin in anthelmintic activity. The 
activity resides in the inner hark which is hitter but 
not astringent : the outer bark is astringent and is 
the scat of tannins. The l^ark contains also the 
alkaloids azaridine and paraisine. A(]neous extracts 
of the heartwood are useful in asthma. A crystalline 
lactone, designated hakalactone (C.,.dl:.,.0,, m.p. 215- 
16.3®), II licpiid with a terpenic odotir (h.p. 150-60° / 
0.5 mm.), a resinous material and tannins have been 
isolated from the heartwood (Kirt. & Basil, I, 543- 
44 ; Burkill, II, 1442 : Teng, Hot. Bidl. Acdd. simca, 
1947, 1 , 237 : Sci. Ahstr. diina, hiol. Sci., No. 2. 1958, 
63 ; diem, Abstr., 1953, 47, 3304 ; Quisumbing, 482 : 
Bhnla Nath, /. sci. industr. Res., 1954, 13 B, 740), 


M. composita Willd. syn. M. dithia Hiern (Kl. Br. 
Ind.), non Cav. 

D.K.P., V, 223 : C.P., 781 : FI. Br. Ind., I, 545. 

Mar . — Kuriaput ; (h )|. — Kudukujur ; Tkl. — 

Munnulikfiruku : Tam . — Malai venihu : Kan. 

Uehhevu, kanhevun ; Mal . — Maluvenihu : Okiya - 
Hdtni. 

Nkpal — L(i[)si ; Khasi — Dieng-ja-rasdu^ ; Garo 
Amiug-gok ; la:i»cii.\ — Silot-kuug. 

Tradk . — Mdldhdr Nim Wood. 

A large tree, attaining a height of c. 20 m. with a 
s[)reading crown and a cylindrical straight bole of 
9 111. length X 1.2 1.5 111. girth, found in Sikkim 
Himalayas, North Bengal, upper Assam. Khasi hills, 
hills of Orissa, N. Circars, Oeccaii and western ghats 
at altitudes of 1,500-1,800 m. Bark dark brown, 
exlolialiiig in thin, narrow strips with broad, 
shallow, longitudinal cracks : leaves hi- or occasion- 
ally tri pinnate: leallets ovate-laiii eolale to ovate- 
rotund, entire or creiiulate : flowers greenish white. 
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F.K.l., Dvhra Pun. Photo: S, .S’. Chosfi 


FIG. in. Mhl.lA COMPOSn A— TRANSVERSE SECTION OF WOOD (xlO) 

fragrant, in dense [)anicles : fruit an ovoid or 
ellipsoid drupe with 5 or less seeds. 

A/, composita occurs in moist localities and tropi- 
cal forests, and yields a useful timber. It is occasion- 
ally j)lnnted for ornament and makes a handsome 
avenue tree and a shade tree in plantations, ft grows 
rapidly and is used for reafforestation purposes 
(Troup. T, 186 : Biirkill, II, 1443 ; Ror, 253). 

The sapwood is greyish white : heartwood light 
pink to light red turning pale russet brown on age- 
ing. Tt is lustrous with clry feel, very light (sp. gr., 
0.33: wt.. 21 Ih./cu. ft.), straight-grained and coarse- 
and somewhat uneven-textured. The timber is not 
durable in ex[)osed positions hut moderately so 
under cover ; it is not so strong and durable as 
neem. Tt .seasons well if logs are converted in a green 
state. If left long in the log, it is liable to develop 
end-splitting and discolouration. The best method of 
dealing with the timber is to convert the logs imme- 
diately after felling and to open-stac k sawn material, 
preferably under cover, to avoid grey stain. Tt saws 
and works easily (Pearson & Brown, I, 242-43). 

The wood is used for packing cases, cigar boxes, 
ceiling planks, buildhig purposes, agricultural imple- 


ments, pencils, match boxes, splints and katta- 
marans. Tn Ceylon, it is employed for outriggers 
of boats. Tt is suitable for musical instruments, tea 
boxes and plyboard. It is a good fuelwood (calorific 
value, 5,043-5,176 cal.) (Pearson & Thrown, I, 243: 
Macmillan, 96, 213; Cameron, 64; Trotter, 1944, 
217 ; Rama Rao, 73 ; Indian For,, 1948, 74 , 279). 

The fruit of the plant is Intter. It is considered 
anthelmintic. Tt gives positive tests with alkaloidal 
reagents (Kirt. & Basil, I, 546 ; Ihirkill, II, 1443 ; 
Webb, Bull. sci. induslr. Res. Org. Attsl., No. 241, 
> 949 * 34 )- 

Melia azadirachta — see Azadirachta 

MELIANTHUS I Ann. {Sapitulaccac ; Melian- 
thaceae) 

A small genus of shrubs or undershrubs native of 
South Africa, 'fwo species are introduced into India. 

M. comosus Vahl 

Bailey. ic;49, 642. 

A small shrub, i. 0-1.5 introduced and 

grown in the lAoyd Botanic Garden, Darjeeling. 
Leaves pinnate : leaflets lanceolate, .serrate ; flowers 
orange inside, red spotted oulside, in axillary 
clusters. 

The |)lant contains 0.06' V, of a toxic princijtle. The 
root bark is considered to be very poisonous, but 
when taken in very small doses, it acts as a general 
tonic, especially in dyspepsia ; it is .said to be strongly 
emetic. Tn South Africa, a decoction of the plant is 
applied to slowly healing wounds and is used to 
relieve foot troubles : a hot bath of it is used for 
rlieumatic limbs. A paste of the leaves is used as an 
external applicatioti to sores and bruises (Watt & 
Breyer Brand wijk, 113). 

M. major TAnn. 

FI. Br. Tnd., 1 , 698 : Bailey, 1949, 642 ; Chopra 
ct al. Fig. 55. 

A wide spreading shrub, 3 m. or more high, 
introduced into India and found growing in cooler 
parts of India in Kumaon, Bhutan, Darjeeling and 
Ootacamund where it is almost naturalized. Leaves 
pintiate; leaflets ovale, deeply serrate; flowers red- 
brown, in terminal racemes. 

M. tnajor is suitable for rockeries and sub-tropical 
beddings, and is propagated by cuttings or division, 
l^he plant causes an irritant poisoning to stock, 
sometimes with fatal results ; its toxicity is retained 
for a long time in dried state. Tn S. Africa, a decoc- 
tion of the leaves is used as a lotion in the treatment 
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of Tinea capitis, necroses and foul ulcers, and as a 
gargle in sore throat and in diseases of the gums ; 
tlie hruised leaves promote granulation in ulcers. 
The root possesses properties similar to those of 
M. comosus. The flowers are rich in honey, which 
is poisonous (Firminger, 585 ; Chittenden, III, 1280 ; 
Watt & Breyer-Brandwijk, 114 : Chopra ct al., 307 ; 
Ck)nnor, Bull. Dcp. sci. induslr. Res. N.Z.^ No. 99, 
>951, 70; Macmillan, 180). 

MELICA Linn. (Gramincae) 

D.E.P., HI, 436 ; FI. Br. Ind., VII. 329. 

A genus of perennial, erect grasses occurring in the 
temperate regions with about 7 or 8 species found in 
the western Himalayas in the drier regions from 
Kumaon westwards up to 3,300 m. ; one species, M. 
scaherrima Hook, f., has been introduced in the 
Nilgiris. Of the species found in India, M. jucque- 
montii Decne syn. M. eupaui Hook. f. (FI. Br. Ind.) 
in part non Giiss. ; A/, cilia tu Diithie non Linn., a 
densely tufted, slender grass, with creeping, narrow 
stems, 20-45 cm. long, is reported to he a good fodder 
or forage grass, particularly for sheep : it is also said 
to he soineiimes cultivated for ornamental purposes 
(Bailey, 1947, II, 2025). 

MELILOTUS Mill. [Le^uminosac] 

A genus of annual or biennial herbs, commonly 
known as Sweetclovers. distributed in the temperate 
and warm regions of the Old World and naturali/ed 
or cultivated elsewhere. Some species are widely 
grown for fodder and green manure : they are useful 
as ground cover and soil builders. 'Three s|>ecies are 
found in India. 

A/, iudica has long been cultivated in Itidia as a 
forage crop, and together with the other Indian 
species. A/, alba and A/. alJicinalis, it has attracted 
attention in other countries as a pasture plant, use- 
ful also for making hay atid silage. Sweetclovers are 
adapted to a wide range of soil conditions, hut prefer 
well-drained neutral or alkaline soils. 'The seeds are 
very small (250,(xx>-275,<x)0 seeds weigh 1 Ih.) with 
hard testa, and need to he scarified before sowing to 
hasten germination. The plants have a characteristic 
pleasant aroma and a bitterish taste due to the 
presence of coumarin. They are at first disliked by 
Slock, which, however, soon accpiire a taste for them. 
Wide variations in coumarin content exist, not only 
between different species of the genus hut also 
between plants of the same species growing in 
different localities. Non-hitter varieties of sweet- 


clovers with low coumarin content have been evolved 
through selection. 

Cattle feeding on spoiled sweetclover hay and 
silage develop a disease in which the clotting power 
of blood is diminished and animals bleed to death 
from minor wounds or die of internal haemorrhage. 
Young cattle are more susceptible to this disease 
than adult animals, and horses and sheep are rarely 
affected. The anti-coagulant principle present in 
spoiled hay and responsible for the disease is 
dicoumarol (3,3'-methylcne-his-4-hvdroxycouinarin). 
The disease is prevented by feeding sweetclover hay 
along with other roughages or by feeding sweet- 
clover hay alternately with other roughages | Krishna 
& Badhwar, J. sci. iiu/usir. Res.. 1949, 8(2), suppl., 
158: Whyte ri al.. 297; Phnil Breed. Ahsir.. 1956, 
26 , 323: Morrison, 317 : Thorpe, XI, 3^)9]. 

M. alba Desr. Wiiijk Svvkkiclovkk, Bokiiaua 

Ci.ovr.R, W'luiT, Mkliloi 

D.F.P., III, 416; FI. Br. Ind., II. 89. 

Pi'NjAH, U.P. & Bombay — Safed seuji : Df.i.iii - 
Khaiidai ; Bknoai. & Orissa Safed batufieihi ; 
Madhya Pradksii -Ratnnclhi. 

An erect or decumbent biennial herb, i.o m. or 
more in height, found as a winter weed of cultivation 
throughout India, hut chiefly in the north, ascend- 
ing to an altitude of 4 ,o(K) m. in the Himalayas. 
Leaves trifoliolate : leaflets ovate, oblong or ohovate. 
entire or distantly serrulate ; flowers in axillary 
racemes, white : pods ovoid, indehiscent, brown 
when ripe, with i or 2 seeds. 

The plant is cultivated for fodder in Punjab and 
Uttar Pradesh and to a small extent in Madhya 
Pradesh and C-oimhatorc. It has gained considerable 
importance in U.S.A. and a numher of varieties and 
strains have been evolved. The crop prefers well- 
drained alkaline soils and is sensitive to soil acidity. 
It comes up well under irrigated conditions, hut does 
not give a good ratooti. Propagation is done by seeds 
or by cuttings : the seed rate varies from 4 to 25 Ih./ 
acre according to soil and climatic conditions. The 
plant is reported to he attacked by the mildew fungi. 
Erysiplic polx^oni 1 )C\ and Perunospora meliloti 
Syd. (Whyte et al.. 297 : Roberts Kartar Singh, 
462 : Crosby Kephart, Emrs" Bull. U.S. Dep. 
Agric.. No. 1653. 1939; Rao, Audlira agric. J.. 1955, 
2 , 319: Rohinsoti, 91 : Indian J. agric. Sci.. 1950, 
20 , 107). 

The yield of hay from A/, alba varies widely ; 
yields of 0.75-1.4 tons of liay per acre during the 


327 



MELILOTUS 



FK;. m. MnMlOTHS ai ba~fi.owering and fruiting branch 

first vcitr. and 0.75 2.7 lons/acrc during rhc second 
havi' been reported Iroin U.S.A. It is also suital)le lor 
ensilage. Inlorination on the chemical composition ol 
green feed, hay. silage and seeds is snmmari/ed in 
Tahlc I. The plant is also grown as green manure 
crop ; analysis of the green material (from Andhra) 
gave the following values: nitrogen, 0.S3; phos- 
phorus (l\()..), 0.16; potassium (K.X)), 0.83; and 
calcium (Ca( 3 ). 0.69 ',,. It is also grown as a cover 
crop and provides a good pasture for honey bees 
(Morrison, 315-17 : C'roshy tV Kephart, loc. cit. : 
llollowell, IJ.S. Drp. AgnV., No. 23, 1959 ; 

Ahlgren, 91 : Rao, loc. cit. : Railey, 1949, 583). 

1 "ceding on white sweetclover by cattle sometimes 
causes colic ; instances of bloating due to pasturing 
have been reported. 'Tlie plant possesses astringent 
and narcotic properti^'s. and is sometimes used as a 


substitute for M. officinalis. The fibres from the 
cortex are suitable for paper pulp manufacture 
(Nadkarni, 1 , 786 ; Crosby & Kephart, loc. cit. ; 
C^hopra, 506 ; Kirt. & Basu, I, 705 ; de Sornay, 

Among the exotic sweetclovers introduced into 
India, M. alba var. annua Coe (IIubam Sweetclovkr), 
an annual bearing white flowers is considered to be 
of some importance. Although the yield of green 
fodder or hay is much less than that from the 
biennial sj)ccies, the plant has received attention 
because it grows even on poor lands and yields good 
silage rich in protein. Experimental cultivation at the 
Indian Agricultural Research Institute, New Delhi 
has established its utility for growing in mixture 
with wheat or in rotation between wheat and mai/e. 
Seeds are sown broadcast at the rate of 15-16 lb./ 
acre before the last beaming is done on seed beds for 
wheat. The wheat crop is harvested in March or 
April, after which hubam continues to occupy the 
field, and yields a substantial fodder crop. With 
another irrigation after harvesting for fodder, a 
green manure crop is obtained, which is ploughed 
in before sowing maize. For conditions obtaining in 
Delhi, an early strain of wheat, N.P. 7/^, has been 
found suitable for growing with clover [Morrison, 
319 ; Gandhi & Dabadghao, Indian Fmg, N.S., 1955-- 
56, 5(12), 13 : Robinson, 92). 

Trial culture of wheat-hubam-maize at the Indian 
Agricultural Research Institute, continued over a 
period of three years, gave an average yield of 
16.5 md. of wheat grain, 88 md. ol clover fodder, 
95.8 md. of green manure and 17.4 iiul. of maize 
grain per acre : wheat-maize rotation in the control 
|)l()t gave an average yield of 13.7 md. of wheat and 
ii.S.md. of maize per acre. Fhese results indicate 
that where hubam clover is included in the cultiva- 
tion cycle for green manuring, the fertility of soil 
is maintained. In another experiment, where hubam 
clover crop was sown pure in October November, a 
yield of 300-350 md./acre of protein-rich green 
fodder was obtained in three cuttings hy the end of 
June. When grown for seed purposes, an average 
yield of 7.4 md. seed /acre was obtained ; grown for 
seed as well as for fodder, the yields were 4.6 md. of 
seed and 73 md. of green fodder. When grown as 
green manure crop and ploughed in, hubam adds to 
the soil in one cutting c. 73 lb. of nitrogen, and after 
two cuttings, 59 lb. of nitrogen /acre. No substantial 
enrichment of soil occurs if ploughed in after three 
cuttings. The plant is useful also as a winter cover 


328 



MELILOTUS 



TABLE 1— COMPOSITION AND 

NUTRITIVE VALUES OF 

MELILOTUS SPP. 




Total dry 
niatlcr 

nr 

/O 

ProU 

!»/ 

/o 

Fat 

N free 
ixtr. 

Fibre 

Mineral 

matter 

Dig. 

protein 

T'olat dig. 
nutrients 

•) 

Niitritiw 

ratio 

M. atha* 

Green feed' 

20.8 

4.1 

0.7 

9.2 

4.9 

1.9 

5.2 

I2.S 

5.0 

Hay (first year)' 

91.8 

16.5 

2.5 

59.7 

24.6 

8.5 

11.9 

50.5 


Silage' 

28.0 

4.5 

0.9 

10.5 

9.r» 

2.5 

5.4 

15.7 

5.6 

Seed' 

92.2 

57.4 

4.2 

.^5.8 

11.5 

5.5 

.10.5 

64.9 

I.I 

A/, imiiea 

Green Iced* 

21.6 

5.5 

0.4 

8.7 

6.4 

2.8 

2.7 

14.4 

4.5 

Sil.'ige* 

29.8 

2.1 

0.5 

9.4 

14.1 

5.7 

0.6 

15.1 

25.4 

llay‘ 

90.0 

18.6 

2.1 

52.5 

25.8 

I.LO 




Pcxt.s (dry basis)' 

100.0 

25.5 

1.9 

49.4 

I4.S 

8.5 




M. ofjh i nails 

Hay (first year)'* 

94.6 


4.6 

58.5 

22.0 

9.4 




* Analysis <d’ the 

green Ibftder I’rtim 

A/, alha (from Goinibatore) ga\e 

llie following \aliies: 

dry matter. 

.H.5; eriule 

protein. 


5.2; fll)cr cxtr., 1.2; 14.5; and mineral inaller, 5.1",, (Han. Antihra (ifirir. J., 1955, 2, 519). 

' M<irri.M)ii, 1022, 1006, 1058, 1046; “Joinder, appx 1: ‘ de S«)rnav, 288; 'Sen, Bull. Iitflian ('omi. tii^ric. Bc\., N«>. 25, 1952, 
22; "AhlKreii. 121. 


((Jjindhi 6i Daliadgliao, lor. df. ; i 3 al)adgliao, Sci. 

Cull., »95>-5-. 17 , 2X\)‘ 

Analysis of matiiR* huhain seeds gave the I’ollow- 
ing values (dry l)asis): c rude |)r()teiu, : oil, 7.6; 
starch. 3.0: jicntosans, 8.1 : total sugars (as glucose), 
2.7 ; c rude (ihre, 12.9; and ash, 4. TV,. The seeds con- 
tain c. 2",, couinarin. small amounts of resins, giuco- 
sidc*s and 2 unidentilied red and yellow pigments 
(Clopton & Roberts, J. Anirr. Oil Chcni. Stn ., 1(^49, 
26 , 11 ). 

rhe oil obtained by petroleum ether extraction 
of huham sei*ds is yellowish brown in colour with a 
pleasant odour characferi.stic of couinarin. It has the 
following constants : sp. gr.^I, 0.9185:;/ '’ , 1.4741 ; 

solidification pi., 25^^ : sap. val., 180. i ; iod. val. 
(Wijs), 141.0: R.M. val., 1.4: Polenske val., 0.2: 
acet. val., 21.1 : free fatty acids, 0.3‘n ; saturated 
fatty acids, 1.5",, : and unsapon. matter, 5.9%. The 
unsaturated fatty acids consist largely of oleic and 
linoleic acid.s. The oil is suitable for use in the [)aint 
and varnish industry. I'lie seed meal, after the 
removal of toxic components (by extraction with 
liot alcohol), forms a useful protein supplemem 
(pnnein, c. 47"..) for cattle feeds (C'lopioti & Roberts, 
loc. cit.). 

M. indica All. syn. A/, parviflord Desf. Annual 
Yellow Sweetc:i.ov er, Small Flowered MEt.nxrr 

D.F.P., V, 225; III, 416: C.P., 1091 ; FI. Br. Ind., 
II, 89; Kirt. & Basil, PI. 291B. 


PiNjAiL Delhi, U.P., Bihar Benc;al Sctiji, 
uirtha, ban wcllii ; Orissa -Ihni-mcllii, liunug upu ; 
BoMiiAV VmhBictliii'd, ran-mvthi, jhir, ztr. 

An erect annual herb, up to 0.5 m. in height, found 
as a winter weed of cultivation almost tliroughoul 
India, ascending to an altitude of 1,65^ m. It is more 
common in North India and is cultivated ior fodder, 
chiefly in Punjab and Uttar Pradesh. Lcvives trifolio- 
late: leaflets obovate or oblanceolate, retuse or emar- 
ginate ; flowers in slender racemes, yellow ; pod 
ellipsoid, compressed, olive-green when ripe with 
I rarely 2 seeds : seeds brown, oblong-ellipsoid, 
compressed. 

Senji is grown in Punjab as an irrigated cold 
season crop along perennial canals :md on irrigated 
lands : it can al.so be cultivated on hard soils and in 
places with restricted irrigation. The chief arenas of 
cultivation are |ullundur. Iloshiarpur, Ludhiana 
and Ainbala districts. Data relating to the total acre- 
age under this crop are not available : it was, how- 
ever. estimated that in Punjab about three lakh acres 
were under senji cultivation. With the increasing 
poptdarity of bersc'em and shdftdl (Trifoliinn spp.). 
rhe area under senji has lately decreased. However, 
in tracts where sugarcane is commonly grown after 
senji, its cultivation continues to be jiopular ; shdftdl 
and ber.secm cannot replace it, as they occupy the 
field for a much longer period. Senji is grown in 
rotation with various crojis, viz. wheat, inai/e and 
rice among grain crops, and cotton, sugarcane and 
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tobacco among cash crops. It is also grown in mixture 
with barley and oats |I)ahadghao, Indian Fnifr, N.S., 
1952- 5.V 2 ( 8 ), 8; Malik, Indian J. agric. Sci., 1955, 
25 , 67 ; Yegna Narayan Aiyer, ibid., 1949, 19 , 439 : 
Whyte vt al., 298 ; Milne ct ai, 59 : Roberts & 
Kartar Singh, 461 62 : Read, /IgnV. Livc-Slk India, 
1936, 6, 1 1|. 

Senji re(|uires soils of medium to high fertility 
and is resistant to soil alkalinity. The land is 
ploughed 3 6 times, followed by beaming to bring 
it into line condition. It is siibse(|uently divided into 
i/io to 1/20 acre plots to facilitate irrigation. Seeds 
are sown in September-November, the rate per acre 
varying from 40 to 50 lb. : they are either scarified or 
softened before sowing to facilitate germination. 
Seeds arc sown broadcast on moist or dry seed bed 
and covered with soil : when sown on dry beds, they 
arc immediately irrigated. Seeds can also be sown 
in standing water, allowing 6 8 hours for soaking 


|l)abadgliao, loc. cit. ; Whyte cl at., 298; Raheja. 
Indian Ftng, N.S., 1956-57, 6(5), 17; Milne cl ai, 
59 ; Roberts & Kartar Singh, 461]. 

The plots are irrigated 7-10 days after sowing, and 
thereafter watered as retiuired : two to three irriga- 
tions are said to be sufficient. Weeding at the early 
stages is beneficial. Senji is not usually manured 
since it follows manured maize or cotton in rotation. 
However, manuring with i. 5-2.0 md. of ammonium 
phosphate or a mixed fertilizer containing 20 lb. of 
nitrogen and 60 lb. of phosphoric acid per acre is 
considered benelicial. The crop is susceptible to 
powdery mildew {Erysiphe poly^goni DC.) and downy 
mildew [Peronospora nicliloli Syd.) (Dabadghao. loc. 
cit. : Roberts & Kartar Singh, 462 : Raheja, loc. cit. ; 
Mahmud & Nema, Sci. & Cult., 1951-52, 17 , 475 : 
Chona ct al.. Bull. Itidia)i Cuun. aicric. Res., No. 81. 
1958, 2). 

Senji is harvested for fodder during February 
April when the plants are in full flowering, and vseed 
h)rmation has already started. If harvested earlier 
and fed to animals, it tnay cause bloating. 'The croj) 
is cut 2-4 times, yielding 150-250 md. of green 
fodder per acre. Trials at the Indian Agricultural 
Rc.search Institute have indicated that senji crop 
could be gn)wn with advantage in association with 
hubam clover ; the total fodder yield of the mixture 
was higher than a pure crop of sctiji. A 3:2 mixture 
of hubam-.scu;/ is reported to be the best under Delhi 
conditions. A new selection, Fo. S. has been tried 
in Punjab ; it yields, on an average, 328 .md. of 
fodder per acre as compared to 247.7 mil. /at re 
obtained from the local strain. A yield of 8 md. of 
seed/acre is reported when the crop is raised for 
.seed purposes (Dabadghao, loc. cit.; Hall, 185: 
Milne el at., 59 ; Dey, Allahabad Fmr, 1946, 20 , 132 ; 
Mafik, loc. cit. : Roberts ^ Kartar Singh, 462). 

Senji is u.sed as green fodder, especially for 
draught cattle and milch cows. Tlie chemical com- 
position and nutritive value of green feed, hay, 
silage and pods arc given in Table i. The green 
fodtier is particularly rich in calcium. Feeding trials 
have shown that it can be used as a maintenatue 
ration for heifers : the nitrogen balance was positive 
(Lander & Dharmani, Indian /. vet. Sci., 1936, 

Senji should be fed to cattle, after chopping, in 
admixture with hhusa as other dry fodder. When 
fed alone and in excess, it causes lethargy, 
tympanites and paralysis. 'J'he use of senji as fodder 
is reported to taint the milk of dairy cattle (C.onnor, 


330 



MEl.INIS 


BtilL Dcp, sci, industr. Res, N,Z,, No. 99, 1951, 60; 
Webb, Bull. Coun. set. industr. Res. Ausl., No. 232, 
1948, 90). 

The plant is also used as green manure. Analysis 
of the material gave the following values (dry basis) : 
nitrogen, 3.36 ; phosphorus (PjOa), 0.49 ; potassium 
(KjjO), 1.53; and calcium (CaO), 2.49%. In the 
Punjab, the crop is recommended for improving 
alkaline soils ; it is also useful for reclaiming saline 
areas and as a cover crop (Use of Leguminous Plants, 
223; Pieters, 1S2, 214; Idnani & Chihher, Sci. & 
Cult., 1952-53. 18 , 362 : Miikerji & Agarwal, Bull. 
Indian Coun. agric. Res.^ No. 68, 1950, 4 : Whyte et 
tiL, 29S : Bailey, 1949, 583). 

A/, indica is used as a discuiient and emollient and 
as fomentation, poultice or plaster for swellings. It is 
considered astringent and narcotic. Seeds are used in 
bowel cotnplaints and infantile diarrhoea (Kirt. & 
Basil, r, 704 ; Nadkarni, I, 786). 

M. officinalis r,,am. Yki.i.ow SwKF;rc:i.ovER, Common 
Mki.ii.ot 

l).f:.P., V, 224 ; FI. Br. Ind., 11 , 89 ; Kirt. & Basil, 
PI. 291A. 

A tall robust biennial herb, i.o m. or more in 
height, recorded from Nubra and Ladakh at altitudes 
of 3,000-4,000 m. ; it is also reported to be cultivated 
in some areas. Leaves irifoliolate: lealiets obovate. 
oblong or oblaiiceolate : ilowers in lax racemes, 
yellowish : pods ovoid, transversely rugo.se, compress- 
ed, brown when ripe ; seeds oval, 2.0-3.0 mm. in 
diam., yellowish green, smooth. 

This species is cultivated for fodder in Europe 
and America. Analysis of the hay is given in 
I'able I. It is u.seful as honey bee pasture. The seeds 
are occasionally found as impurity in imported food 
grains and are respon.sible for tainting the bread, 
riie plant contains coumarin (0.2%), melilotic acid 
(o-hydrocoumaric acid), coumaric acid, hydro- 
coiimarin and resin. The flowers yield 0.013% of an 
essential oil (ontaining coumarin. Tlie fatty oil 
obtained from seeds (yield 7.8-8.3%) has the odour 
of coumarin |Schery, 418; Edlin, 86: Pingale & 
Bbutiani. Indian Frng. N.S., 1953 54, 3(7), 18 : 
Krishna & Badhwar, /. sci. industr. Res., 1949, 8(2), 
suppl., 158: Merck Index, 606; lieilbron Bun- 
bury, III, 225]. 

The plant is aromatic, carminative, styptic and 
emollient. It is reported to be used in the preparation 
of cigarettes for asthma. A decoction of the plant is 
used in lotions and enemas. 'I’he .seeds are reported 


to be poisonous to horses (Kirt. & Basu, I, 704 ; 
Nadkarni, I, 786: Hocking, 138; U.S.D., 1955, 1750; 
Nayar, /. Bombay nat. Hist. Soc., 1954-55, 52 , 515). 

MELINIS Beaiiv. (Gramineae) 

A small genus of annual or perennial grasses found 
mostly in tropical Africa. One species, A/, minuti- 
jlora has been introduced into many tropical 
countries including India. 

M. minutiflora Beauv. Moi.a.s.sf..s Gra.s.s, Sfink 
Gk.\.ss 

Hitchcock, 569, fig. 820. 

A viscidly hairy perennial, with a strong odour, 
indigenous to Africa, introduced into Assam and S. 
India. Culms usually decumbent, up to 1.8 m. high : 
leaves purple or red Inown, densely hairy ; panicles 
10-30 cm. long, with light green or purple spikelets. 

The gra.ss grows both in moist and dry areas and 
can be propagated by seeds or cuttings. It is quick 
growing and by its spreading and rooting habit, 
smothers other weeds, producing a close herbage suit- 
able for pasturing cattle. It is useful also as cover and 
mulch. Trials in India have .shown that it yields 13 -19 
tons of green herbage j)cr acre in 2 or 3 cuttings. At 
certain stages of its development, the grass is reported 
to be foul smelling and is rejected by cattle ; dried 
grass is free from objectionable odour ( Keze 
Bull.. 1922, 305 ; Bull. imp. Inst., Land., 1922, 20 , 
300; Barua et al., Indian J. vet. Sci., 1951. 21 , 
17 ; Mem. Dep. Agric., Madras. No. 36, 1954, 607 ; 
Dal/.iel. 531). 

Analyses of grass cut at various stages of growth 
gave the following values (dry basis): crude protein, 
3.44-10.06; ether extr., 0.88-2.18; crude fibre, 
29.81-41.36; N-free extr., 41.26-51.66: and total a.sb, 
8.21-20.25' M : calcium, 0.36 x >.48 ; phosphorus, 

0.19 0.44 ; magnesium, 0.39 0.92 : sodium, 0.25 0.34; 
pota.ssium, 0.74-1.39 ; chlorine, o.ix/ 0.27 ; and sul- 
phur, 0.06 0.12%: oxalic acid, 1.06 1.770. The feed 
value of grass is higher at the pre-flowering stage. 
Feeding trials on adult sheep show that hay (protein. 
4.4; digestible |)r()tein, 1.61 ; and total digestible 
nutrients, 55.8*0 ; nutritive ratio, 33.7) gives jiositive 
btilances for nitrogen, calcium and phosphorus. Dairy 
cows fed on the grass improved in live weight and 
gave increased milk yield (Barua et al.. Indiati J. vet. 
Sci., 1951, 21 , 17, 25 : Bull. imp. Inst.. Land.. 1922. 20 , 
300). 

The grass is reported to be proof against fires. The 
odour (»f fresh gra.ss is believed to repel insects ; trials 
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carried out in India show that the grass has no value 
as an insect-repellent. The odour of grass is attrihuted 
to a hrown volatile oil (yield. o.ooi%) exuded hy the 
glandular liairs on the stems. The oil is acidic with 
a cinnin-like odour and contains fatty acids, esters 
and. probably, a phenolic suhstanc’c {Krzv Bull., 1922, 
30 ^ : Indian 194^^ 7, 154 : l)al/iel, 531). 

MELIOSMA Bliime (Sfthuwnw) 

11. Br. Ind., II, 3. 

A genus of trees or shrubs distributed in South- 
Kast Asia and tropical America. About nine species 
are found in India. 

A/, (iil/rnuwfolia Walp. (Punjab nii.i..s Kanua, 
karknn : Ki'maon Gulfiha ; Ni:i*al lA^kh 
rani gog///i) is a small tree with elliptic, ohovate 
or ohlanceolate leaves and small white flowers 
found almost throughout the Himalayas at alti- 
tudes of i,2()o-3,3JK) m. 'fhe leaves of the tree are 
used as fodder (Laurie, Indian For. Lea/]., No. S2, 

'945* 9)- 

A/, microcarpa Claih syn. A/, arnottiana Walp. : 
Hook. f. (Kl. Br. Ind.) (Pam. Kusavi, thagari, 
makai ; Kan. -AJasshala ; Mai.. -Kalavi) is a hand- 
some tree, up to 12 m. high, with imparipinnate 
leaves and minute creamy white, fragrant flowers 
found in Khasi hills. Manipur and Deccan Peninsula 
from S. Kanara southwards up to an altitude of 
2,i(K) m. : it is also cultivated in gardens. The W'ood is 
dark reddish hrown, soft, almost spongy, coarse and 
light (wt., 25 Ih./cu.ft.). It is used for agricidtural 
implements, poles and floats (Krishnamurthi, 218 ; 
(himhle, 2oh : ("ameron, 78 : Lewis, 122). 

A/, pintiaia Roxh. (Bknc . — Bativa ; Assam — Hen- 
gnnia, ban paso/a) is a medium-sized tree with im- 
|)aripinnate leaves, wdiite flowers and globose drupes 
found in eastern Himalayas and Assam up to an 
altitude of 1,500 m. The fruit is edible ; young leaves 
are cooked and eaten with fish [Fischer, Rn\ hot. 
Snrv. India, 1938, 12(2), 88 : 11. Assam, I, 329]. 

M. siinplicifolia Walp. (Bk.nc;.— Dibru, dantrangi ; 
Ni i'al Palpate, cliizvari ; Assam Thozvthozva, larii- 
bandha ; 'Tam. -('rnibavn, kallavi) is a medium-sized 
tree with ohovate to ohlanceolate leaves and yellow- 
ish white flowers found in north-east India and 
Deccan Peninstda, up to an altitude of 1,350 ni. The 
wood is reddish hrown. even-grained, moderately 
hard and light (wt., 25 Ib./cu.ft.) : it is liable to warp 
and split. 14ie w'ood is suitable for light temporary 
structures : it may he used also for pencils. It is a 
good fuel wood (caiorific value: sapzvood — 4,987 cal.. 


8,978 B.t.u. : licartzvood cal., 8,740 B.t.u.) 

(Lewis. 1 22 ; Krishna & Ramaswami, Indian For. 
Bull., N.S., No. 79, 1 932, 20 : Rehman & Ishaq. 
Indian For. LralL, No. 66, 1945). 

A/, tliofnsonii King ex Brandis (Nki»ai. — Sindure, 
dabdabc) is a large tree found in eastern Himalayas. 
It has been recommended for cultivation in tea 
estates in Darjeeling for timber and fuel purposes 
(Macalpine, Tocklai rxp. Sla. Menior., No. 24. 
i(j52, 142). 

A/, zeallicliii Planch. (Nkpal d.ckh dabdabc ; 
Lkpcha Hingmaihkung ; Khasi -Dieng-sngit) is a 
tree up to 18 m. in height and 1.5 m. in girth, with 
imparipinnate leaves and oblong to ovate, suheoria- 
ceous leaflets found in the Himalayas from Kumaon 
eastw'ards and in Assam hills at altitude's of 750 
2,400 m. The wood is brownish, soft, sjiongy and light 
(wt., 18 Ih./cu.ft.). It is occasionally used for boxes. 
The free provides fodder of medium (piality (Camhle, 
206 : FI. Assam, I, 328 ; Laurie, loc. cit.). 

MELISSA Linn. {Labiatac) 

A small genus of perennial herbs distributed in tlie 
Mediterranean rc'gion and Asia. Hvo species occur 
in India. 

M. parvifiora Benth. 

FI. Br. Ind., IV, 651 ; Mukerjee, Rcc. hoi. Snrv. 
India, 1940, 14(i), 100 : Kin. cS: Basu, PI. 761B. 

I ItNDi Bililotan. 

An erect, pubescent or glahrate herb, 60-100 cm. 
high, found in the temperate Himalayas from Garh- 
wal to Sikkim, Darjeeling and Khasi, Aka and 
Mishmi hills, at altitudes of 1,200 3 ,(xk) m. Leaves 
ovate or ovate-lanceolate, crenate ; flow'ers white or 
pale pink, rarely yc'llow', in few or many flowered 
axillary whorls ; nutlets narrowly ohovoid, dark, 
rugulose. 

rhe plant is considered a good substitute for 
A/, officinalis Linn. (Lemon Balm) and is said to 
possess stomachic, antituhercular and antipyretic pro- 
perties : it is list'd to strengthen the gum and to 
remove had taste from the mouth. The fruit is consi- 
dered a brain tonic and useful in hypochondriac 
conditions (Kirt. & Basu, III, ic;93 : Nadkarni, T, 786 , 
Chopra, 1958, 601). 

Melocalamus — see Dinochloa 

MELOCANNA Trin. {Cramincac) 

A genus of bamboos distributed chiefly in fhe Indo- 
Malayan region. One species is found in India. 
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M. bambusoides Trin. 

D.E.R, V. 225 : C.P.. 10.^ : FI. Br. Iml., VII, 417 : 
Cliattcrjcc. /. Bombay uat. Hist. Soc., iy6o, 57 , 451. 
Fig. •- 4 - . 

Bkx(;. — Aliili, mctuuga, bish. 

Assam I'arai, waii. 

All arborescent bamboo Joimd in tbc Caro, Kbasi 
and Lusliai bills in Assam. Culms erect, up to 21 m. 
in length and 9.5 cm. in diam., arising singly from 
a ramifying rbi/ome : leaves lanceolate or oblong- 
lanceolate ; (lowers in large compound panicles of 
drooj)ing branches with seciind clustered spikelets ; 
fruit ((’aryopsis) |)yriform, llesby, 7.5-12.5 cm. long, 
often viviparous, edible. 

A/, hauihusoides is typically gregarious and 
s|)reads bv its long vigorous rhi/omes. The fruits 
germinate sooti after falling to the ground at the 
commencement of the rainy season. Seedlings do not 
thrive under shade but spring up readily in gaps. 
They grow vigorously and culms attain their 
mavimum beigbr in c. 5 years. y\rtilicial regeneration 
may be done by sowing fruits directly at site or by 
trails] »lanting nursery-raised seedlings : propagation 
by olTsets and rbi/ome sections is also easy. A spacing 
of 3.6 m. X 3.6 m. has been recommended. Young 
shoots are liable to attack by the beetle, ('xrtatnh 
chi'lus l(iiigif)cs Fabr. |Troup, HI, ton ; Uadbwar 
Kadambi, Indian For., 1956, 82 , 524; lladlield. Two 
e ' A Ihid, 195H, 5 ( 2 ), 9 : (iamble, 756 ; Stebbing, 440]. 

J'he culms are straight and thin walled, but strong 
and durable, with slight knots. The average weight 
of a dry culm. 6.6 m. long x 9.5 cm. diam. at mid- 
girth is 1.55 lb. Preservative treatment with 14.85'*', 
zinc chloride solution for 5 hr. by the modilied 
buchcrie process lias given .satisfactory results 
llVar.son, Indian Tor. Fee., 1912, 4 , 184 : Narayana- 
intirti vt al., Indian For. Bull., N.S., No. 137. 1947). 

A/, btinihnsoidrs is used for purposes for which 
bamboos are generally employed, ft is especially 
prized for hou.se building. scalFolding and boat 
making. It contains (oven-dry basis): cellulose, 62.3: 
lignin, 24.1 : pentosans, 15. 1 : hot water .solubles, 6.5 ; 
ash, 1.9 ; and silica, 1.5'.'... It is suitable I'or the produc- 
tion of jiaper pulp after removing the sheaths (yield 
of bleached pulp, 42 "m). Activated charcoal of high 
adsorption power has been prepared from the 
bamboo. The culms contain abundant amounts of a 
siliceous secretion, known commonly as iahashcer 
and used in medicine (With India- Raw Materials, 
I, 145; Miikherjee & liliattacbaryya. ]. sci, indnstr. 
Rfs., 1947, '^)- 



r.R.L, fifhnt Dun 
FIG. 116 . MELOCANNA BAMBU.SOIUES 


MELOCHIA I aim. (Slcrctdiacrar) 

A genus of herbs, undershrubs and shrubs, rarely 
trees, distributed throtighout the tropics. 'Fwo species 
o('( ur in India ; a few exotit s are found as weeds. 

M. corchorifolia I atm. 

D.F.P., V, 225 : FI. br. Ind., I, 374. 

Ulnoi -/bV/v/Z ; bKNc. — Cannon 

[yindibura ; Tam. ~Tinnak-knl)lynndn ; Mai.. C'rrtt 
vnrani ; Okiva (.7/vt'ro//, das(d^rroian. 

Mi noaki - Dcia ara, asa ara ; Santai. -Thniak. 

An erect, branched herb or undersbrub found in 
waste places, road sides, bunds of rice lields and (allow 
lands almost throughout the hotter parts of India, 
and ascending to 1,200 m. in the Himalayas. Leaves 
ovate-oblong, serrate, sometimes obscurely lobed : 
(lowers small, white or pink, in terminal or axillary 
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heads : capsules depressed globose, of the si/.e of a 
small pea. 

The stem bark yields a strong, silvery white fibre. 
The (ibre (ultimate cell length, i.i mm. : diam., 
1 1.2 tk : length/diam. ratio, 98) shows: elongation at 
break, 6.0% and intrinsic strength, 0.967+0.036 g./ 
denier. Analysis of fibre gave the following values; 
cellulose, 80.34; lignin, 17.87 ; fat & wax, 1.27; 
nitrogen, 0.22 : and ash, o.497">^,. The fibre is used for 
tying bundles of rice plants and for making fishing 
lines : stems are employed for horizontal ties in hut 
roofs (Hurkill, II, 1448 : Betrabet, /. sci indnslr. Rrs., 
1956, 15B, 671 ; Dalziel, 108). 

Leaves are eaten as vegetable and sometimes u.sed 
in soups. They are applied as poultice for sores and 
swellings ol the ahdomen. A decoction of the leaves 
and roots is used in dyseniery (Dalziel, 108 ; Biirkill, 
II. i44«)- 

M. umbellata Stapf .syn. A/, vcliitina Bedd. 

D.K.P., V, 226 ; II, 567 ; FI. Br. Ind., I, 374. 

Bombay A/eZZ/z/r/ ; Anda.man Is. — AUahada. 

A shrub or a small tree found in Dcccan, Konkan* 



FIG. 118 . MELOCHIA UMBELLATA— FLOWERING BRANCH 

(^oorg, Kerala an<i Andaman Islands. Leaves broadly 
ovate or sub-orbicular ; flowers small, pink, in umbel- 
late corymbs ; capsules oblong, deeply 5-lobed. 

The plant is often cultivated in gardens. It 
grows fast and is useful as a nurse plant in reaffores- 
tation and as shade tree (FI. Madras, no; Burkill, 
II, 1448). 

The stem bark yields a (ibre used for strings and 
ropes. In Andaman Islands, it is used for making 
turtle nets. 'Fhc characteristics of the ultimate fibre 
are: length, 2.045 inin. ; diam., 0.016 mm.; and 
lumen size, 7 /a (Brown, I, 397, 322). 

The wood is whitish, soft, very light, even-grained 
and glo.ssy. It is used for making tea boxes, floats and 
toys, and also as firewood (Burkill, II, 1449 ; Cameron, 

37)- 

MELODINUS Forst. {Apocymeeav) 

A small genus of erect or climbing shrubs found 
in South-East Asia and Australia. Two species occur 
in India. 
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M. monogynus Roxh. 

D.K.P., V, 226, 330; FI. Br. Iiul., Ill, 629 ; Bur & 
Rai/ada, Fig. 127. 

Khasi Soli-hrab. 

A largo climber with milky juice fouiul in Sikkim 
Himalayas, North Bihar, North Bengal, Coocli 
Beliar, Assam and Khasi and Jaintia hills iij) to 

l, 200 111. I^eaves elliptic-ohlong or oblong-lanceolate; 
flowers white, fragrant; in terminal panicled cymes ; 
fruit a globose berry, of the size and colour of an 
orange, with numerous flattened seeds. 

A/. is occasionally cultivated in gardens 

for its bright, dark green leaves and white, fragrant 
flowers which bloom during spring : it is suitable for 
growing oveK arches and pergolas. It is propagated 
by seeds, cuttings or layers during rains (Bor & Rai- 
/ada, 215). 

The fruit possesses a sweet and agreeable taste and 
is edible. I'lie bark contains a long and lough libre 
which can be used as a substitute for hemp. The 
leaves, wood and root contain a narcotic poison. 'Hie 
plant is used locally as an antimalarial drug (Chopra 
ct (iL, 6<j 4 ; Chatierji cl al., /. sci. iiidustr. Res., 19^4, 
13B, 546). 

'Hie roots, particularly the root hark, are hitter. 
A /i-glucosi(le, provisionally named melodin 
I./), m p. 12S'' ; yield, o.i7n), and two 
closely related iriterpenes, lupan- 3:2o-diol (C.,„H ,.202, 

m. p. 232° : yield, 0.7%) and lupeol (C;,„H-,„() : yield, 
1.7%), have been isolated from the dried root bark. 
On hydrolysis, melodin yields glucose and melodini- 
din (CViH2,iO.,. m.p. 148°). lAipan- 3:2o-diol is con- 
verted to lupeol on sublimation in high vacuum 
(i6t)-66"/ lo'* mm.) (Chatterji cl al, loc. cit. ; Chatter- 
jee ct al.. J. sci. iiuluslr. Res., 1959, I8B, 262). 

Melodorum — .see Fissistigma 

Melon — .see Cucumis 

Melon, Water — .see Citrullus 

MELOTHRIA Linn. [Cucurhilaccac) 

A large genus of annual or perennial climbing or 
prostrate herbs distributed in the tropics of the world. 
About 12 species occur in India. 

M, heterophylla (Lour.) Cogn. syii. Zchneria muheb 
lata 'Fhw. 

D.K.R, VI (4), 355 : FI. Br. Ind., II. 625 (in part) : 
t'hakravarty, Rec. hot. Surv. India, 1959, L 7 (i), 159; 
Kirt. Basil, PI. 466B. 



1 hsui—Tarali ; Bkno. -Kndari ; Tliiyya- 

donda ; Tam. Ptdivanji : Mai.. - -Njerinjanpuli : 
Oriya — Karakia, malka, niakirla. 

Bomb.\y — Gomclta, fronicti ,* Punjab Baukakra ; 
Mundari Birkinidurn ; Kiia.si Soli-khia-phlang ; 
I A ’ snAi — Zongazetn paivng. 

A .scandent herb witli tuberous roots found 
throughout India ascending u|) to 2,100 m. in the 
hills. Leaves polyiiiorphous, ovate, sub orbicular, 
oblong or narrowly lanceolate, undivided or various- 
ly lobed, remotely denticulate ; flowers small, yellow: 
male flowers various, sub-umbellate, umbellate, race- 
mes or densely or laxly fa.scicled, female flowers 
solitary ; fruits oblong, brown, with many suh- 
sphcrical. smooth seeds. 

The roots, leaves and fruits are eaten. 'Fhe root is 
considered stimulant, invigorating and purgative ; it 
is used for gonorrhoea and dysuria. In Konkan, the 
juice of the root, mixed witV cumin and sugar, is 
given in cold milk as a remedy for spermatorrhoea. 
Juice of leaves is applied to the parts inflamed by the 
application of the markingnut juice (from Seme- 
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carluis (t}iacardmm Linn.). In [lulo-Cliina, (he seeds 
are used as a purgative (Haines, III, 390: Nadkarni, 
I, 130S ; Burkill, II, 1450; Kirt. & Basil, Tl, 1163). 

M. maderaspatana (Linn.) Cogii. syii. Mukia scalh 
rcllu A i n. 

D.L.P., V, 2S7 ; FI. Br. Ind., II, 623 ; Chakravariy, 
Rcc. hot. Surv. India, i9<;9, 17 (i), 141 ; Kirt. & Basil, 

Hindi A^^tniaki, hilari ; Bkni;. — Bilnri ; Mak. — 
(Uiuf^ri ; Tkl. Nnogadnsa, hooturuhudama ; Tam.— 
Musuninsnkkdi ; Mal. -Mukkalprcnnn. 

Bomhay (diiniti ; Pi’njah — Gzvala kakri. 

A prostrate or diinbing annual herb found 
throughout India ascending up to i,8(X) in. in the 
hills. Leaves ovate or sub-deltoid, entire or 3 5 lobed, 
minutely denticulate; llowers small, yellow; male 
llowers fascicled, female llowers solitary or sub-fasci- 
culate ; fruits globose, brownisb yellow ; seeds ovoid- 
oblong, grey. 

'riie fruits an* eaten by parrots and other birds, 
riic cattle are said to like (he plant but the fruits are 
said to destroy their eyes. I’he tender shoots and 
bitter leaves are used as a genile aperient, and jircs- 
cribed in vertigo and biliousness, 'ihc root; of the 
pl int, when masticated, relieves tootbache ; a decoc- 
tion of root is given in flatulence. On account of its 
expectorant properties, the plant is sometimes used 
in compound prejiarations for cough, but trials 
indiiate that its actimi is slow and unsatisfactory. A 
(lei'oction of seeds is (onsidered sudorific (l"l. Delhi, 
17S-79: Kirt. ik Basil, II, 1161 ; Koman, 1920, 3). 

A/, ind lea Lour, is a scandent or spreading herb 
found in Tehri Garhwal, Sikkim, Assam and Naga 
hills up to i,Soo m. In Moluccas, the juice of the 
leaves is applied in sores of thrush, and is used 
in the treatment of eye diseases. The fruit possesses 
purgative properties (Burkill, II, 1450; Quisum- 
bing. 943). 

A/. iH'rlnisilla (Blume) Cogn. syn. Zchneria hook- 
rriana Arn. (Bomray I'arali) is a climbing herb 
found in the upper (iatigetic plain, from Nepal to 
Assatn ascending iij) to 2 ,i(k) m. in the eastern llima- 
layas and in peninsular India. 'Fhe root of the 
plant is used with milk in fever and diarrhoea (Kin. 
lV Basil, II, 1162). 

MEMECYLON Linn. (Mclaslomatacvac) 

A genus of shrubs and trees distributed chiefly in 
the tropics of the Old World. Over 30 species occur 
in India. 


M. umbellatum Burin, f. syn. A/, ednh; Roxb. 

Ikon Wood Trek 

D.F.P., V, 226 ; FI. Br. Ind., If, ; Kirt. & Basil, 
PI. 429. 

Mar. — Anjani, knrpa, liniha ; Tel. Alii, kikkalli, 
nddalalli ; Tam. Alii, anjani, ka\a ; Kan. — Archeii, 
liarcliari, lakliondc ; Mal. — Kashavu, kanalci, 
kannavu ; ihww Nirassa, bonoliomno. 

Assam -Lali-diniaboplianfr, thciliadum. 

A large ornamental shrub or a small tree found 
mostly in the coastal regions of Deccan Peninsula, 
eastern parts of India and the Andaman Islands. 
Bark greyish with vertical furrows ; leaves elliptic or 
ovate, shiny ; flowers in umbellate cymes, bright 
blue ; berries globose, purplish or black; The plant is 
handsome in bloom anti is grown for ornament. It 
may be grown from seed or by layers : cut slumps 
coppice well. It flowers during March-April and 
fruits appear in the beginning of rains. 

This species embraces a number of varieties, some 
of wh it'll have been raisetl to specific rank by tlifferetu 
autbtirs. They arc, however, not tiiscriminated in 
their economic uses (l^'l. Matlras, 51)4). 

The fruits are pulpy, astringent anti etlible. 'Hie 
leaves possess cooling anti astringent prtiperties anti 
are given in leucorrhoea ami gonorrhoea : a lotion 
preparetl from them is iisetl in eye troubles. 'The 
leaves and the bark are applietl to bruises. 'The 
leaves yield a yellow tlye which gives beautiful light 
shatles : in combinatit)n with myrtibalans ami 
sappatiwtxitl it protlutes a bright retl tinge much 
used ft)r dyeing mats. The tlye content is, however, 
low. 'Fhe leaves contain a yellow glycositlal sub- 
statue, tartaric and malic acitls (1.38%), a resin (6%) 
and calcium tixalate (1.44%). l^ried leaves form a line 
tniilch for gartlen soil. Analysis t)f tlry leaves gave 
the following values: N, 1.15: ash, 7.71 : and CaO, 
2.16';,, (Kirt. & Basil, II, i(y)5-66 : Burkill, II, 1452; 
Lewis, 200: Wehmer, II, 864 ; Puri, /. hidian hot. 
Sac., 1954, 33 , 17). 

'Fhe .sapwtiotl is greyish brown, turning tlark brown 
on exptisure ; hcartwootl small, tlarkcr than sapwotwl. 
The wootl is hartl, heavy (wt., 62 Ib./cu.ft.), fine- 
texturetl, close-grained anti durable, and can be 
finished tt) a smooth surface. It is iisetl for house posts 
ami rafters, light axe handles, pestles, combs, walking 
sticks and decorative work ; it may be employed as a 
substitute for boxwood. The wood yields charctial t)f 
good tpiality |Cht)wdhtiry & (ihosh, Itidiati For. Rcc., 

N. S., Util., 1947, 4(3), 15 ; Burkill, II, 1452 ; Htiwartl, 
363 ; I^'wis, 2oo|. 
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A/, (ingustifollum Wiglit (Tam. — Vellaikkaya ; 
K\^. -Bclavak(ina ; }A\u—Atlakanalai) is a shrub or 
a sniall tree with purplish blue flowers and black 
purple berries found in Courtallum and Shevaroy 
bill forests (South India) along river banks. 'I’be bark 
of the plant is used as a tonic and refrigerant (Kin. 
ik Basil, II, 1067). 

M. cacrulciim Jack is a bandsoinc shrub or a small 
tree, with bright blue llowers and black fruits, occur- 
ring sparsely in middle Antlamans. It is reported to 
be cultivated in gardens. The fruit and leaves are 
eaten. Ihe wood is bard and heavy, useful for bouse 
construction. It also affords good fuel (Burkill, II, 

* 450 - 

A/, ccraciformc Kurz [Assam -Kakoi-cl 1 cm) is a 
small tree with elliptic leaves and blue black berries, 
found in Sibsagar dist. (Assam). I'lie wood is reddish 
brown and tough and used for axe bandies (l"l. 
Assam, 11 , .^06). 

Af. gracilc Bedd. (Mai.. - KlitiKironi) is a pretty 
shrub or a small tree with pale blue dowers and 
globose berries found in the evergreen forests of 
Kerala and Tirimelveli. The wood is bard and 
tough, and good for walking slicks (Bourdillon, 173). 

A/, malaharh'um Cogn. (including Af. dcprcssimt 
Benlb.) syn. A/, amplcxicaulc var. Dialahariai C'. B. 
Cdarke (k'l. Br. Ind.)* (Mak. Idmha ; Ta.m. — Malam- 
lliriii, kanjavu ; Kan. Locundi, lituhloli ; Mal.-- 
Kaikkathctti, kushavu) is a shrub or a small tree with 
clusters of blue flowers found on the lower slopes of 
western ghats in Kerala and in the moist sbolas of 
Nilgiri and Palni bills up to an altitude of 2,(xx> m. 
The w'ood is greyish brown, bard, heavy (wt., 65 lb./ 
cu.ft.) and close-grained. It has been siigge.sted as a 
possible substitute for boxwotxl ; it is good as fuel. 
Ibe root has ecbolic properties. A decoction of the 
llowers and tw'igs is used for skin diseases (Rama 
Rao, 178 ; Boiiniillon. 174 : FI. Madras, 505 ; Kin. ^ 
Basil, 1 1 , 1066). 

MENTHA Linn. [Lahiaiac) 

A small genus of aromatic perennial herbs distri- 
buted mainly in the temperate regions of the Old 
World. Several species have been introduced into 
various countries and are cultivated for their 
aromatic leaves and flowers. About 6 species are 
recorded in India. 

* (nimble assigns A/, amplexicaule var. malaharicn C. B. lllarkc 
(FI. Br. Ind.) partly to M. mulaharicinn C’ogii. and partly to 
A/, (ieprvssutn Benth. ; the former is confined to higher elevations 
and the latter to elevations up to 365 m. The two species are 
not discriminated for economic uses (FI. Madras, 505). 


Alt'iitiui species are extremely variable and specifii 
limits are bard to define, with consetpient unstable 
nomenclature. All cultivated types are said to belong 
to 3 or 4 species, which have hybridized among 
themselves, resulting in a number of inter-grading 
hybrids, often designated as separate species. 'Fbcy 
a|)pear to differ not only in morphological features, 
but also in flavour and essential oil content. Many of 
them have escaped from cultivation and grow natur- 
ally in moist situations ; some are sterile or only ball- 
fertile and have been perpetuated by vegetative 
propagation (Chittenden, III, 1286; Bailey, i(;47, II, 
2034 ; (iuentber. III, 58f), 640 ; l)e Wolf, Bailcya^ 
i(j54, 2, 3 ; Morton, lFr//.so;uV/, 1953 36, 3 , 244). 

M. aquatica Linn. Waikh Mint, Maksii Mini 

FI. Br. Ind., IV, 647 ; Bailev, 1949. ^^>3 ; Le Wolf, 
Bailc\a, 1954. 2 , 3. Fig. 6A. 

A variable perennial herb with weak, glabrous to 
distinctlv pubescent stems, |)robably cultivated in 
Indian gardens. Leaves ovate, lanceolate to cordate, 
1.25 5.0 cm. long, crisped, laciniate to serrate, oblu.se 
to acute, shortly pelioled ; flowers in verticillasiers 
forming a short, broad, capitate raceme. 

This species is a native of Kurope, and has become 
naturalized in several other countries. It is found in 
swamps, marshes and on borders of rivers and ponds 
throughout Europe, western Asia, N. and S. Africa. 
It com|)rises a large range of polymorphic types, 
showing variation in most of the characters. It is 
considered to be one of the putative ancestors of 
several cultivated mints. By crossing with A/, spicata^ 
it is said to have given rise to clones of A/, piperita 
and A/, citrata ; and with A/, arvrtisi.s, to A/, verti- 
cillata and a few' others. The typical form is rather 
pubi'sceut, but there are forms with glabrous leaves, 
known as Lemon or Bergamot Mints and classified 
as A/, citrata Linn. ; similarly crisped leaved forms 
often grow'ii as A/, crispa Linn, or A/, nqaatica var. 
crispa Benth., are c:onsidered to be chance mutants 
of this species (Clapbam rt al., c;36 ; (irabam. 
W'atsonia, 1953-56, nx^ : Guenther, III, 685; l)e 
Wolf. loc. cit. ; i locking, 138). 

Marsh mint has a characteristic (xloiir and aromatic 
taste and is used as emetic, stimulant and astringent. 
The crisped leaved mint is a digestive ; it is used in 
gall and stomach di.sorders ; it is used also for flavour- 
ing foods and li([ueurs. The flowers ])roducc a dull 
yellow stain on aluminium-morclanted cotton 
(Muenseber Rice, 105 ; Wren, 36(; ; Steinmet/,, II, 
298 ; IVrkin & Everest, 636). 
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'Fhc hcrl) yields up lo o.S' V, of an essential oil with 
a faint mint-like odour. An oil of Sicilian origin has 
the following characteristics: sp. gr.*"’’, 0.9671 ; , 

+ 39-9' : • 1.4SS3; ester val., 63.40: ester (as 

ineiiihyl acetate), 22.41';,',: free alcohol (as menthol), 
28.5 V’«- : nnd ketone (as menthone), 0.77“;',. It con- 
tains carvone (C',„llijfX h.p. 230"), and probably also 
menthol, mentliyl acetate, menthyl valerate, piilc- 
gone and tnenthone. Recent studies have shown that 
menthofuran (C,„I1,,(), h.p. 196®) is the major com- 
|)onent (40",,) : piperitone, menthone and pulegone 
arc |uesent. 'I'he oil has not attained commercial 
importance (Guenther, 111, 684: Reitsema, /. /Inzer. 
pliarni. Ass., sci. Edn, 1958, 47, 265, 267). 

M. arvensis Linn. Field Mini*, Cokn Mint 

D.F.P., V, 228 ; FI. Br. hid.. IV, 64S ; Dc Wolf, 
B(iilc\a, 1954, 2, 3, k"ig. 6B. 

Hindi, Benc;., Mar., Gi'j. Tel. Eodiua, piidina ; 
Kan. — Chctfii viara^u. 

An erect, hairy or glabrous herb, 10 60 cm. high, 
found throughout temperate North Asia up to the 
Himalayas and in Kurope. lx*aves 2.5-5 
shortly petioled or se.ssile, ohlong-ovatc or lanceolate, 
ohtu.scly or acutely serrate, cuneale at the base, 
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FIG. 120. MENTHA ARVHNSI.S-FLOWERING BRANCH 


sparsely hairy or almost glabrous ; flowers lilac, In 
axillary, capitate whorls, borne on axils of leaves on 
upper stem. 

This species grows wild in Kashmir at 
3,tKio m. and is common near Gulmarg ; it has also 
been recorded in a few other places in India, hut is 
nowhere cultivated on a commercial scale. It is very 
variable. It crosses easily with A/. (Ujuatica giving an 
extremely variable progeny ; it also hybridizes with 
A/, spied ta. Some of the reported hybrid species and 
varieties are: A/, vcrlicilldta Linn., A/, jroitilis Linn., 
A/, ^rdi ilis Sole, A/, cardiacd Baker, and A/, arvensis 
var. pipcrasccns |Handa cl al., ]. sci. industr. Res., 
1957, 16A(5), suppl., 13 : Muenscher & Rice, 103 ; 
Guenther, III, 640; Graham, Walsonia, 1948-50, 1, 
276: Clapham et al., 934 35 ; De Wolf, loc. cit.|. 

Field mint is used locally as a stimulant and (ar- 
minaiive. An infusion of leaves affords a remedy for 
rheumatism and indigestion. 'Fhe volatile oil obtain- 
ed from the plant growing in Kashmir (yield, 0.45V" ^ 
sp. gr.’ ’ . 0.9161 ; // ’"\ 1.474) does not conform to 
oflicial standards : for instance, menthol does not 
separate out on chilling the oil (G.hoj)ra el a!., 
Indian ]. aifrie. Sci., 1946. 16, 302 ; Kapoor el a/., ]. 
sei. industr. Res., 1955. 374’ Haiida et al., 

loc. cit). 

M. arvensis Linn, suhsp. haplocalyx Bri(|. var. 
pipcrascens Holmes Japanese Mini 

Bailey, 1947, II, 2035. 

A downy perennial herb with running rootstocks 
and rigid branching stem, 60 90 cm. high, introduced 
from Japan and cultivated in Jammu and Kashmir 
al an altitude of m. Leaves lanceolate or 

ohloiig, sharply toothed, 3.7-10 cm. lotig, shortly 
petioled or sessile, with minute hairs ; flowers pur- 
plish, in loose verticillasters, in rather distant nodes. 

This species is more robust than A/, arvensis and is 
a high numbered polyploid : it does not breed true 
from seed. It is a clonal form, evidetitly from a hybrid 
between A/, arvensis and A/, aqualiea, perpetuated by 
vegetative methods for its high mentliol content. It 
is extensively cultivated in Japan, where it yields the 
hulk supply of menthol and the Japanese Fepper- 
mini Oil ((Juenther, III, 640, 664 : J)e Wolf, loc. cit.). 

Japanese mint thrives well in Jammu (270 m.) and 
Katra (9CX) m.) ; in Srinagar (1,500 m.), it becomes 
siimrcd and does not flower until late in the season. 
Large .scale cultivation has been undertaken in 
certain farms in Jammu. 'IVials elsewhere in India 
have indicated possibilities of its succe.s.sful cultiva- 
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FIG. 121. MKNTHA ARVENSIS F.l/?. PIPER ASCF.N.S— HABIT 

linn IKapnor cl al., Inc. (it. : llanda cl al., Inc. cil. ; 
Ciipia & Oiipra, hiduni Pcrfum., 1959, 3 , 5 ; 
Kiilkarni, Indian llorl., 195S-59, 3(3). 32 ; Pillai & 
Snniaii, Bull. Res. Insl., Univ. Kerala, 1959, 6A(i), 
26 : Suhraiiianiam, Madras a^ric. ]., i960, 47 , 153]. 

The plain is jiropagaicd hy rooted suckers taken 
Irnni old vigorous plants. It ihrives well in sandy or 
loamy soils ricli in humus. A well drained soil, with 
sliglir rain in spring and hriglii sunshine in summer 
gives plants with high menthol content. laheral irri- 
gation is necessarv. hasal dressing of farmyard 
manure or compost at 12 tons per acre, iollowed hy 
supplementary dressings of inorganic fertili/ers 
(ammonium sulphate, 2(X) Ih. ; superphosphate, 
200 Ih. ; and potassium sulphate, 2(X) Ih.) has given 
g(X)d results. 

Rooted suckers planted in March and liberally 
irrigated during summer, flower in July and yield a 


crop 200 300 md./acre, containing 45% stems and 
50“,, leaves. 'Fhe same crop gives a second flush in 
Octoiier, the yield amounting to kx) md./acre : good 
( rops are ohiained in second and third years also, hy 
interculrivation and irrigation at regular intervals. 
'Ihe yield of oil diminishes after the third year and 
it is economical to uproot the crop and replant after 
siiiiahle rotation. I'or the latti-r pur|)ose a leguminous 
( ro|), like senna (Cassia an^nslifoHa) or beans, is 
recommended. 

riie plants are harve.sted at full bloom. According 
to climatic conditions, one or two Hushes may be 
harvested. Idle crop is cut in the morning on a bright 
sunny day after the dew has cleared. Cut plants are 
lied in small hundles and dried in open air or in a 
shed to about J ^ their fresh weight. Sun-drying is not 
advisable, since the oil yield is affected due to eva- 
poration and resinificalion (Kapoor el al., loc. cit. ; 
1 landa el al., loc. cit.). 

The herb yields, on steam-distillation, a volatile oil. 
known in the trade as Japanese Mint Oil or Japanese 
Peppermint Oil : leaves and flowering tops give the 
highest yield. The oil is usually distilletl from partial- 
ly dried herb, and yields varying from 1.28 to 1.6",', 
have been reported from Japan. I^^aves collected from 
experimental plots in Jammu have given a yield of 
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FIG. 122. MENTHA ARVENSIS VAR. PIPFRASCEN.S— FI.OWERING 

branch 
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2% (on dry wt. basis), while the yield from fresh 
leaves from U.P. is reported to be 0.45% (Guenther, 
Ilf, 646-50 ; Kapoor et aL, loc. cit. ; Gupta & Gupta, 
loc. cit.). 

Japanese mint oil is used as a substitute for true 
peppermint oil (from M. piperita) which it resembles 
in physico-chemical properties. It possesses a some- 
what hitter odour and flavour, and is considered 
inferior to M. piperita oil in aroma and (|uality. On 
cooling, menthol separates out ; the residual de- 
mentholized oil contains up to 55% menthol. The 
characteristics of the natural and dementholized oils 
from dilTerent sources arc given in Table i. Japanese 
mint oil is not official in British and United States 
Pharmacopoeias. The Indian Pharmacopoeia recog- 
nizes oils from various mints containing more than 
507;. menthol ((kienther, TIT, 618. 650-52 : C'hopra, 
1958. 197 ; I.P. , 433). 

In addition to menthol, which is the main consti- 
tuent, the oil contains menthyl acetate, menthone 
and minor amounts of piperitone, a-pinene, furfural, 
/-limonene, camphene, caryophyllenc, d-3-octanol, 
a ^/-sesquiterpene alcohol, /?,y-hexenyl phenyl 
acetate, a,/ 9 -hexenic acid and other free and esterified 
fatty acids. The oil distilled from plants grown in 
Jammu contains 7o~8o‘X) menthol ; dementholized 
oil has the following composition: menthol, 44.8; 
menthyl acetate, 24.4 ; menthone, 24.6 : and hydro- 
carbons, 6.2% ; /-a-pinene, /-limonene, caryophyllenc, 


cadinene and an unidcntific<l sesquiterpene have been 
identified (Guenther, III, 655 57 ,* Chaudhari & 
flanda, Indian J. Pharm., 1956, 18 , 421). 

Japanese mint oil finds uses similar to that of 
peppermint oil (c|.v.) ; the latter is preferred for 
flavouring purposes. It is used for the production of 
natural menthol. Dementholized oil is employed for 
flavouring mouth washes, tooth pastes and pharma- 
ceutical preparations (Guenther, III, 650-52, 664; 
Pouchcr, I, 329). 

'fhe world’s demand for Japanese mint oil and 
natural menthol is met mainly by Japan and to a 
lesser extent by China and Brazil. Cultivation of 
Japanese mint in Jammu and parts of U.P. has given 
promising results with respect lo both yield of oil per 
acre and the menthol content of the oil. The Forest 
Department in U.P. proposes to take up the cultiva- 
tion of plant on a commercial scale (Guenther, III, 
664 : Kapoor et al., loc. cit. ; Gupta, Indian Oil 
Soap y., 1959-60, 25 , 297). 

Japanese mint oil is not distinguished from true 
peppermint oil in Indian trade. Table 2 gives the 
imports of peppermint oil (including Japanese mint 
oil) and menthol during the years 1957 60 ; data 
for Japanese mint oil are not separately available. 
The entire quantity imported from Japan and China 
is probably Japanese mint oil, though the plant 
grown in China is considered to he a dillerenl variety 
of M. arvensis, namely var. glahrata Holmes which is 


TABLE 1-CHARACTERlSTlCS OF JAPANESE MINT OlI«S 



Natural oil 



Dement hnli/ed nil 

r 

lammii' 

Kanpur* 

japair 


Jainnui' Japan' 


S|I. gr. 

0.9165 

0.8966 

0.895 0.902 

0.8980 

0.895 0.907 

(at 20^/20 ) 

(at MV) 

(at 24 25 ) 

(at 20 20 ) 

(at 15 ) 

f"lo 

41.75^ • 

4I.H 

29^ to -42' 

57.2'* 

20..V^ to -.\S“ 

(at 20^) 


(at 20 ) 

(at 20 ) 

(at 20 ) 

n 

1.456H 

1.4528 

1.460 l.-16^ 

I.4.S80 

1.459 1.465 


(at 20 ) 

(at .10 ) 

(at 20 ) 

(at 20 ) 

(a! 20 0 

At id val. 

0.64 

0..S 

2.0 

1.14 

2.0 

Menthol, % 

75.8 

72.6 

69 91 (total) 

44.8 

48 55 (total) 

Ksters, as 

10.9 

18.2 

.16 

24.4 

4 15 


menthyl acetate, 


Menrhone, % 

10.9 

8.8 


24.6 

21 54 

Solubility in 

sol. in 

sol. in 

sol. in 

sol. in 

sol. in 

70% alcohol 

6.7 vol. 

2 vol. 

2 5 vol. 

5 vol. 

2.5 4 vol. 



and more 

and more 


and more 


'Chaudhari & Ilaiida, Indian J. Pharm., I9.S6, 18, 421. 
“Gupta tk (hjpta, Indian Pcrfnm., 1959, 3, 5. 

’ Guenther. Ill, 654. 
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TABLE 2— IMPORTS OF PEPPERMINT Oil. AND MENTHOL INTO INDIA 


Country of 
origin 


Peppermint oil 




Menihol 


'1957 

1958 

1959 

196 o' 

1057 

1958 

1959 

• 

1960 

U.K. 

6,956 

1 ,665 

1,987 

5.089 

22,959 

18.297 

7,912 

8,272 

W. OiTtnaiiy 

1,701 

271 

525 

2.551 

6,0? t 

150 

5,675 

8,526 

Ncilierlands 

4.2W 

4,255 

5,580 

4.980 

762 

2,965 

554 

580 

K rancf 

5.642 

5,452 

10,406 

7,772 

52.877 

55,407 

70.518 

14,844 

Hongkong 

100 

20 

195 

478 

1.255 

16,260 

6,600 

1,456 

Japan 

1 .HOK 

5,278 

2,458 

4.595 

52,745 

1,512 

1.922 

1.544 

CMiina 

I.HIH 

767 

2.H 

405 

1 2.890 

52,505 

42.614 

1.277 

C.S.A. 

5,179 

4,727 

2.940 

16.614 

50.546 

509 

1 ,909 

5.602 

Ura/.il 





27.789 

58,559 

48.251 

1,978 

OllUTS 

46S 

1,188 

5,019 

5.725 

42T**^ 

2.585 

5.258 

4.956 

Tolal Qly (Ih.) 

25,971 

21.605 

27,540 

45,782 

168.224 

168.105 

190,971 

46,615 

Toial Val. (Rs.) 

547,550 

587.190 

450,081 

918.267 

6.151,212 

4,155,946 

4,787.685 

1,205,956 


closely related lo var. pipcrasccns (Giienihcr, III, 
640, 661). 

M. longifolia (Linn.) Natbh. syn. A/. s\lvcstris 

I/inn. IIOKSEMINT 

D.K.P., V, 230: FI. Br. Ind., IV, 647; De Wolf, 
Hdilcya, 1954, 2 , Fig. 3B. 

I liNUi — Pndvia, jungli pudina. 

J’l'NjAB hclaiDw, kosli>i, piidndkushuKi ; 
Bombay -Pudina, vartahiu. 

An erect or diffuse herb, cm. high, with a 

strong aromatic odour found in temperate Himalayas 
and western Tibet at i,2oi)-3.6oo m. and in Kashmir, 
(^arhwal, Kiimaon and Punjab. Stems robust or 
slender, hoary-tomentose ; leaves 3 8 cm. longx 
1-3 cm. broad, shortly petiolcd or sessile, ovate 
lanceolate, acute, sharply toothed, pinnately veined, 
pul)esccnt above, hoary-tomentose below ; spikes 
terminal, 3 8 cm. long, slender, hoary ; ffowers lilac, 
in veriicillasiers, rather compact, rarely distant. 

This species is very variable and includes c. 21 sub- 
species and 150 ty|)es. Some of them resemble 
A/, spicala, while others approach A/, rotnndifolia 
and A/, tonicntosa D’Urv. In India, two varieties are 
distinguished, var. incana Willd. and var. roylvana 
Bemh., the former with slender, much interrupted 
spikes and the latter with usually stout, continuous 
spikes (De Wolf, loc. cit.). 

I lorsemint is considered carminative, antiseptic 
and stimulant. The leaves of var. incana are astrin- 
gent and used for rheumatic pains. A decoction of 


the plant is used in fever and lieat apoplexy. The 
plant is eaten in the form of chutney (Kirt. Basil, 
III, 1982 ; Steinmetz, II, 299). 

Steam-distillation of dried leaves and llowering tops 
of the plant from Kashmir jrave 1.2% of a pale yellow 
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oil (s|). gr.' ", 0.9S5 : /z“"\ 1.471 : ester val., ^5.8) with 
a minty odour. Analysis ot a sample of oil from 
U.S.A. showed that it eontains piperitone oxide (45%), 
dios|)henol. piperitenone, piperitenone oxide and 
diosphenolene. The oil can he used as a suhstitiite 
for im|)()rled peppermint oil for flavouring coiv 
lec tionerv (llanda ci ///., loc. cil. ; Reitsema, /. /In/cr. 
ly/iann. /l.s'.s., sci. Edn , 195S, 47 , 265, 267). 

M. piperita lann. emend. Iluds. Pki»i*kr\ii\ 1 

D.K.P., V, i2i) \ Bailey, 1947. II, 2035: l)e Wolf, 
1954, 2, 3, Fig. 4B. 

Hindi Paluinnuinta, gamalhi l)liii(/i)ift. 

\'il(i\(ili pudiiiu, 

A |)erennial. glabrous, strongly scented herb, occur- 
ring spontaneously or c ultivated in temperate regions 
of Furope, Asia, North America and Australia. It is 
grown in Indian gardens and also cultivated in Kash- 
mir, Nilgiris. My.sore. Delhi and Dehra Dun. Stems 
erect, 30-90 cm. high, pur|)lish or green ; leaves ovate 
or oblong-lanceolate, pelioled, 2.5-10 cm. long, acute 
or obtuse at the base, coarsely serrate, smooth and 
dark green above, |)ale or s|)aringly hairy below : 
flowers purplish, in thick terminal s|nkcs. 

A/, piprritii is considered to he a hybrid between 
A/, spicatii and A/, c/r/t^/zev/ ; according to .some 



hA.R.L, Drihi 

nci. 124. MKNTH^ PIPRRITA—FI OWERING BRANCH 


A/, spicata itself is a hybrid of A/, lotigifnlin and 
A/, rolioidifolia ; so M. piperita is a triple hybrid. 
Several clones of the taxon are cultivated ; among 
them Black Mitcham Mint (A/, piperita var. piperita 
forma piperita syn. A 7 . piperita var. vulgaris Sole 
forma nthescens A. Camus) and White Mitcham 
Mint (A/, piperita var. piperita forma pallesceas A. 
C'amus syn. A/, piperita var. officinalis Sole forma 
pallescens A. Camus) are im|tortant : the former 
hears dark green leaves and gives a higher yield of 
oil than the latter, which yields an oil of superior 
cjuality hut is less vigorous and more sensitive to 
climatic conditions, insects and di.seases. Black Mint 
is favoured for commercial cultivation (Handa el al., 
loc. cit. ; (iraham, Watsonia, 1951 -53. 2 , 30 : De 
Wolf, loc. c'it. : CJuenther, III, 5S6, 62S ; Bidl. Minist, 
Agric., Loud,, No. 76, 1951, 36: Mansfeld, 374). 

l\4)permint thrives well in humid and temperate 
climates and is sensitive to drought. It grows well on 
light caliareous soils or deep rich loams in open 
sunny situations. It is propagated by cuttings of root- 
stocks planted in rows 30-90 cm. apart. Farmyard 
manure is a|)|)lied as a basal dose before planting, 
and artificial fertili/ers are applied during inter- 
cultivation. Planted in I'ehruary or March, the 
plants flower in July of the second year, when the 
crop is harvested ; a second flush may he taken in 
September after the rains. Depending upon the 
nature of the soil^ climatic conditions and cultural 
factors, an average yield of 3-4 tons of green mint 
per acre is obtained. Under favourable conditions, 

10 12 11). of oil per ton of partly dried mint is 
possible, an acre yielding roughly 30-40 Ih. of the 

011 (Liiihra, Indian Fmg, 1950, 11 , 10 : Dhingra et al., 
Indian Soap /., 1951-52, 17 , 43 ; Green luackson, 
Agric. Inform. Ball. U.S. Dep. Agrie.y No. 212, i960 : 
Ball. Minisl. Agric., Lond., No. 76, 1951, 36). 

Dried leaves and flowering tops of the plant are 
oflicial in U.S. Pharmacopoeia under the name 
Peppermint. The herb is considered aromatic, .stimu- 
lant, stomachic and carminative, and used foi 
allaying nausea, flatulence and vomiting. Bruised 
leaves are employed as an external application for 
relieving local pains and headache. A hot infusion is 
taken to allay stomach ache and colicky diarrhoea. 
'I’he drug is frecpiently adulterated with .spearmint, 
which is clifliciilf to detect (Mtienscher cV Ric-e, kk; : 
Wren, 26S ; Kirt. & Basil, III, ic;8o-8i : U.S.D., 1C955, 
1015). ■ 

The herb is the .source of true Peppermint Oil. 
extensively used for flavouring and in pharmacy ; it 
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TABLE 3— PHYSICO-CHEMICAL PROPERTIES OF PEPPERMINT 0115 FROM OIFFERENT SOURCES 



Ka.sliiiiir' 

l.S. 

s|)ccifica lions* 

S|.. gr. 

0.9046 
(at 27 ) 

0.S96 0.90S 
(at 30' /.40') 


- 50..1" 

18 ’ to 36' 

n 

1 .46.t2 
(at 27 ) 

l.'t.SS.S I.46.S5 
(at .to ) 

Acid v;il. 

1.4 


Mrnlliol, % 

55. S (tree) 

<50 (free) 

Kvsur, im*mhyl 

airl.iU', 

20.0 

4 20 

Mi'll tlionc, 

9.1 

>23 

Solubility in 71)’’,, 
alcohol 

sol. ill 

2.7 xol. 

sol. in 

3.5 \ol. 


France'* 

U.S.A.' 

U.K.‘ 

0.910 0.927 
(at 15 /15 ) 

0.900 0.920 
(at I5';i5 ) 

0.901 0.912 
(al 15 /I5 ) 

-5 to 35 

IS to 34' 

-21 lo 33" 

1.462 1.471 

(at 20 ) 

1.4600 1.4640 
(at 20 ) 

1.460 1.463 
(at 20 ) 



up to |.(l 

I."* 70 (total) 

48 65 (total) 

48.5 6S.0 (lot.-il) 

4 21 

3.7 II.O 

3 21 

17.1 

9 25 

9 12 

sol. nsii.'illv in 

1 1.5 vol. ol 

SO",, ale. 

sol. in 

2.5 5 xol. 

sol. in 

2 3.5 x(0. .'ind 

more 


‘ ll:iii(l:i cl (tl., y. m/. imluslr. Res., 1957, I6A(5), mi|)|)1., 17. 'IS; .'t2S 1954; '(inniflur. Ill, 65J, f)IJ, 0J9. 


is ollicial in many Pliannacopofias. Coinincrcial oils 
arc (Urived IVoni ciirccl, pariially dried plants wliilc 
ollicial oils me obtained Iroin Ircsh material : the oil 
is reciilicd, if necessary. The yield of oil varies from 
0.3 to r;., depending on the extent to which the 
material lias been dried before distillation. Dried 
lc*aves and llowering lojis from Kaslnnir gave 0.7 
I. oil, while fresh mature leaves from Kanpur 
gave 0.^2",. oil ((iiienlher. 111 . 5S7 61 ; ; B.P.C\, 1959, 
542 : llanda cl aL, loc. cit. : (iupta (iupta, liididii 
Pcrfiun., 1959, 3 , 5). 

Peppermint oil is a colourless, pale yellow or 
greenish vellow li(|uid with a strong agreeable odour 
and a powerfid aromatic taste, followed by a cooling 
sensation when air is drawn into the. mouth. On 
ageing, the oil darkens in colour and becomes 
\iseous. When chilled, menthol .separates out. 'I'he 
physico-chemical properties of peppermint oils from 
Kashmir and other sources ;ire given in 'Table ^ 
(li.l’.C.. 195<;. 5.4.0. 

The oil contains inentliol (.^o-55',’'.). nieniliyl 
acetate, inenthone and small amounts of n-pineiie, 
phellandrene, /-limonene, terpinene, eadineiie, 
eineole, amyl alcohol, acetic acid, isovaleric acid, 
ac'etaldehvde, isovaleric aldehyde and a lactone. A 
sample of oil from Kashmir contained 15.1 ... hydro' 
carbons, including n-pineiie, limonene and cadinene. 
Menihofuran and other trace compounds present in 
the higher boiling fractions account for the plea.sant 
aroma of pepjiermint oil and distinguish it from 
Japanese mint oil. Dimethyl sulphide is present in 
the unrectilied product ((Jueiither, 111, 6ih 1(9, 613 : 
llanda ci aL, loc. cit.). 


Peppermint oil is adulterated with dement hoi i/c*d 
jajianese mint oil. synthetic menthol, glycols, 
alcohol, hen/yl alcohol, terpenes, lerpineol. eucalyp' 
tus oil and pennvioyal oil : it is sometinu's con- 
taminated with spearmint oil (IkP.Cl.. 1959, 543 : 
(hiemher. III, 614 13 ; U.S.D., 1955, loih). 

Peppermint oil is one of the most po[)ular and 
widely used esseniial oils. It is employed for llavour- 
ing pharmaceuticals, dental preparations, mouth 
washes, cough dro|)s. soaps, chewing gums, candies, 
eonfcT lionery and alcoholic lic|ueurs. It is valued in 
mc'dic ine both for internal and external uses : for 
internal tise, it is preferred to menthol hc'cau.se of its 
more jileasant taste. It is widely employed in llatu- 
lence, nausea and gastralgia. It may he administered 
with sugar or in the form of tablets and lo/.enges. 
The oil has mild antiseptic and local anaesthetic 
properties. It is u.sed as an extern.il application in 
rheumatism, neuralgia, congestive headache ;md 
toothache ((hieniher. III, 63S ; Hill, 463 ; U.S.D., 
ic;55, 1016 : B.P.C., 1959, 543 : Nadkarni, I, 7S9). 

India does not produce peppermint oil on a com- 
mercial scale, though the oil ohttTmccl from jilants 
raised in Kashmir is up to ollicial standards. Data 
relating to the import of peppermint oil (including 
Japanese mint oil) into India are given in 'Table 2. 
'The principal exporting countries are T" ranee, 
Netherlands, U.K. and U.S.A. (llanda cl uL, loc. cit.). 

'riie green plant, left after the extraction of oil, 
may he dried into hay or silaged for use as c.-ittle 
feed. The hay c'ontains: protein, 12.7 ; digestible 
protein, tS.3 ; and total digestible nutrients, 49.4"o ; 
and nutritive ratio, 4.8. It may he cniplcjycd as a 


343 



MENTHA 


substitute for luicrnc hay for feeding dairy cows 
(Morrison, 398, 1010). 

M. pulegium Linn. Knolish ok Kurokkan 

PkNNYKOYAL. PuDDINO (iRASS 

Bailey, 1949, 863 ; He Wolf. Baileydy 1954, 2 , 3, 
Fig. zA. 

A much-branched, prostrate or creeping perennial 
with pubescent stems, 10-45 cm. long, found in most 
parts of Kurope and circum-Mediterranean region ; 
it has been introduced into various countries inclu- 
ding India. Leaves shortly petioled, 1.25 cm. or less 
in length, round to oval, entire or slightly crenate, 
pubescent ; flowers bluish lilac, nearly sessile, in 
dense axillary whorls. 

This species, like the other mints, shows numerous 
variations. It grows on damp, gravelly places, especi- 
ally by the borders of pools. It has a strong, peculiar 
odour resembling that of spearmint, hut less agree- 
able ; the taste is at first warm, aromatic and 
bitterish, followed hy a cooling sensation ((juenther, 
in. 576 ; Mansfeld, 375 : Bentley & Trimen, III, 201). 

The herb is considered stimulant, carminative and 
emmenagogue. It is used in flatulence, nervous dis- 
orders and gout. It is used also as an insect repellent. 
Leaves, fresh or dried, arc used as a flavouring for 
food, especially pudding (Hocking, 139; Mucnschcr 
& Rice, 1 14; De Wolf, loc. cit.). 

M. pulegium yields (1-2%) a yellow or greenish 
yellow volatile oil (Pennyroyal Oil) with an aromatic 
taste and mint-like odour. The [)hysico-chemical 
characteristics of oils from Spain and Morocco, which 
are the main sources of commercial oil, vary within 
the following limits: sp. gr. , 0.936-0.944; w*"*, 
1.4829-1.4877; |a|„, +15.3'’ to +23.8°; pulegone, 
85-96% ; sol. in 4.5-5*5 vol. of 60V0 alcohol, clear to 
ha/y with more. The oil contains pulegone, menth- 
one, piperitone, piperitenone, menthol, /-a-pinene, 
/-limonene and dipentene. Steam-distillation of dried 
leaves from plants experimentally raised in Bara- 
mulla (Kashmir) gave 2.3% oil (sp. gr.'’*', 0.8925 ; 

1.483) (Guenther, III, 576-83; Merck Index, 700; 
llanda ct uL, Iiulian Perfum,, 1957, 1, 42). 

Pennyroyal oil is used for scenting soaps and pro- 
duction of synthetic menthol. It is employed in 
medicine for the same purposes as the herb 
(Guenther, III, 585: Snell & Snell, 492). 

M. rotundifolia (Linn.) lluds. Aimm.e Mint, 

Rounp Leaved Mint 

Bailey, 1949, 864 ; I)e Wolf, Baileya, 1954, 2 , 3, 


A perennial, pubescent herl), 60-90 cm. high, 
native of Europe, probably cultivated in Indian 
gardens. Leaves sessile, generally conspicuously net- 
veined, rugose, roundish or elliptic, up to 10 cm. 
long, with crenate-serrate margins ; flowers in dense 
axillary or terminal spikes, 5-10 cm. long. 

This species, though not recorded so far in India, 
is widely grown. According to some authors, the 
plant has often been wrongly identified as M. viridis, 
though it does not bear lanceolate leaves, but only 
roundish or ovate orhicular leaves. This species is 
one of the putative parents of M, spicata. It has a 
delicate flavour, suggestive of apple, and can he used 
like other mints for flavouring food dishes and con- 
fectionery (Firmingcr, 138; Haines, IV, 741; 
Guenther, 111 , 586 ; De Wolf, loc. cit. ; Miienscher 
& Rice, 111). 

Steam-distillation of fresh tops yields 0.06-0.09% 
of an oil (sp. gr.* ’“, 0.960-0.975 ; | , —24” ; ester 
val.. 101-133) consisting mainly of esters, free 
alcohols and small amounts of pinene and limonene. 
The principal constituent is piperitenone oxide (51%) 
which appears to be identical with the terpenic 
glyoxal from A/, spicata ((pv.). The oil has no com- 
mercial importance ((yiienther, III, 687 ; Reitsema, 
/. Amcr, cliem, *Soc., 1956, 78 , 5022). 

M. spicata Linn, emend. Nathh. syn. M. spicata 
var. viridis Linn. : A/, viridis Linn. Spearmint^ 
Garden Mint, Lamb Mint 

D.E.P., V, 231; Bailey, 1949, 863; De Wolf, 
Bailey a, 1954, 2 , 3, Fig. 4A. 

Hindi, Benc;. Mar. — Paliari pudiua, pudhia. 

A glabrous [)erennial, 30-90 cm. high, with 
creeping rhizomes, indigenous to the north of 
England, but grown all over the world. It is 
cultivated in Indian gardens. Leaves smooth or 
nearly so, sessile, lanceolate to ovate, acute, coarsely 
dentate, smooth above, glandular below ; flowers 
lilac, in loose, cylindrical, slender, interrupted 
spikes. 

This species is very variable and is often errone- 
ously recorded under the name M, viridis. It includes 
a number of forms whose identity and nomenclature 
are confusing. 'Fhc species itself is considered to be 
a hybrid between M, rotundifolia and Af. longifolia : 
cytological evidence indicates that the forms vary 
greatly in chromosome numbers and essential oil 
content (Purewal, 60; Firminger, 138; Gopala- 
swamiengar, 560 ; Guenther, III, 676 ; De Wolf, loc. 
cit. ; Mansfeld, 373). 
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FIG. 125. MENTHA SPICATA-FI.OWERING BRANCH 


Spciinnint is widely cultivated throughout the 
plains of India and used for culinary purposes. It 
thrives hest in heavy loams well supplied with 
farmyard manure. It is usually propagated hy plant- 
ing divisions of old plants in rows 30 cm. apart, the 
distance hetween plants in the row being 15 cm. The 
field is weeded and watered during dry weather. The 
plants produce leaves for a number of years, hut it 
is advisable to replant them annually in order to 
secure young and luxuriant growth (Purewal, 60 : 
Roberts & Kartar Singh, 381). 

Spearmint is affected hy the rust, Pucciuia 
mcuthiv Pers., which becomes active in spring. The 
rust is controlled hy planting cuttings previously 
immersed in hot water at 1 i5"F. for 10 minutes. 
Rhizoctonia solani Kuhn, causes leaf rot IMuenscher 
& Rice, no; Sharma & Mahmud, Nagpur agric. 
Coll. Mag., 1950-51. 25(3-4), 23]. 

Green leaves of the plant arc used for making 


chutney and for flavouring culinary preparations, 
vinegar, jellies and iced drinks. The herb is consi- 
dered stimulant, carminative and antispasmodic. A 
soothing tea is brewed from the leaves and an alco- 
holic beverage (mint julep) is prepared from them 
and used as an antidote for poison. A sweetened 
infusion of the herb is given as a remedy for infantile 
troubles, vomiting in piegnancy and hysteria. The 
leaves arc used in fevers and bronchitis (Muenscher 
ik Rice. 1 10: l)e Wolf, loc. cit. : Kirt. ^ Basu. Ill, 
i(^8o : Cains, ]. Bouihay iiat. Hist. Sac., 1941- 42, 
42 , 401). 

rhe leaves have a characteristic, aromatic odour 
and a slightly pungent taste, not followed hy a cool- 
ing sensation as in the case of peppermint. Analysis 
(»f green leaves gave the following values: moisttire, 
S3.0 ; protein, 4.8: fat (ether exir.), o.h ; carbo- 
hydrates, S.o : fibre. 2.0: and mineral matter 1.6%: 
calcium, zoct mg. ; phosphorus, 80 mg. : iron, 15.6 
mg. : carotene (as vitamin A), 2.700 i.ii. : nicotinic 
acid, 0.4 mg. : rihollavin, 80 /tg. ; and thiamine, 
50 //g./ioo g. ; the leaves (oniain traces of copper 
(1.8 /tg./g.) (U.S.I)., 1955, 1303 : lilth Bull., No. 23, 
.U • Biigchi Chowdhury. Aim. Binchem., 
> 949 * >” 7 )- 

The fresh flowering herb on distillation yields 
(\23 (X5o'’n of a volatile oil, known as Spearmint Oil. 
If is a colourless, vellow or greenish yellow licpiid 
with rhe characteristic odour and taste of spearmint : 
the aroma imju’ovcs on ageing, 'fable 4 gives the 
characteristics of .spearmint oils obtained on an 
experimental scale at different places in India 
(U.S.D., 1955, i 3 <H * Ouenther. Ill, 679; Dhingra 
ct ai, Indian Ferfum., 1957, 1 , 21). 


TABLE 4-PHYSICO.CHEMICAL PROPERTIES OF SPEARMINT OU.S 



Kanpur' 

K.'ishmii® 

Poona"* 

Sp. nr. 

0.9549 
(at 50 ) 

0.94 

(.'It 18^) 

0.9817 
(at M) ) 


-57.4’ 


-97.8” 

a 

1.4948 
(at .^0 ) 

1 .559 

(;it 18 ) 

1.4885 
(at 27") 

At id val. 

9.5 

0.50 

0.60 

C^arvoiic, 

55.S 

20 

nil 

Sfilubilitv in 

80% aittdiol 

sol. in 

I vol. 

sol. ill 

I 5 vol. 

sol. in 

1 vol. or 
more 


' Dhinj^ra vt at., Imtian Pvrfum., 1957, |, 21. 

Mlaiula t*/ ul., J. sci. imiustr. 1957, 16A(>1. suppl., 1". ^ 
’Chakravarti & Rhattac harvva, Perfum. f.ssfnt. Oil Rcc., 1954, 
45,217. 
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The eharacrerisric constituent of the oil is /- 
carvonc. ( 3 il distilled at Kanpur contained: carvonc, 
55.8 : lerpenes (chiefly Mimonene and dipentene), 
17.5: alcohol (as dihydrocarvcol), 6.7 : and esters (as 
dihydrocarveol acetate), ii.6'o. A sample of oil dis- 
tilled from plants grown in Poona contained no 
carvonc: a terpenic glyoxal, Ci„H|,02, was the 
princi|>al constituent (54V0) : other constituents of 
the oil were cineole (ji.4%) and traces of a-pinene, 
phellandrene, and dihydrocarveol and its ester. 'Phe 
ditferences in the composition of oils are evidently 
due to varietal or even specific variations (Guenilicr, 
in. 681, 68^ : Dhingra cl aL, loc. cit. : Chakravarti & 
Bhatracharyya, Perfum. cssent. Oil Rcc., 1954, 45 , 
217 : 1955. 46 , 256). 

Spearmint Oil produced in U.S.A. is derived 
mainly from Scorch Mint (A/, cardinal Gerard ex 
Baker) a species closely related to A 7 . frciitilis and 
considered to he a hybrid of A/, arvcnsis and Af. 
spicala, Russian oil is obtained probably from A/. 
vcrticillata Linn. var. strabala Briep : it contains: 
linalool, 50-60 : cineole. 20 : and carvonc, 5-10V., 
(Hocking, /. /Inter, pliann. Ass., sci. Edn, 1949, 38 , 
394 ; Guenther, III, 676, 683). 

Spearmint oil is used in U.S.A. for flavouring 
chewing gums, tooth pastes, confectionery and 
pharmaceutical preparations. The oil has not attain- 
ed any commercial importance in India | Guenther, 
111 . 682 ; Dhingra cl ai, loc. cit. : Ilaiida ct a!., /. sci. 
induslr. Res., 1957, I6A(5), suppl., 17I. 

MENYANTHES I ann. (Ccntianaccac) 

A small genus of herbs native of north temperate 
and subarctic /ones. One species is recorded in 
India. 

M. trifoliata Linn. Bo<; Br..\\, Bi ck Bkan 

D.K.P., V, 232: FI. Br. Ind., IV, 130: Kirt. & 
Basil, PI. 642B. 

A perennial acjuatic herb wdth creeping or floating 
rootstocks reported to occur in Kashmir. Leaves 
trifoliate: leaflets elliptic or ohlong-ohtuse, entire or 
obscurely wavy : flowers white or bluish, in racemes 
at ends of long scapes : capsules globose, with 
numerous lenticular, smooth, shining, yellow seeds. 

The wdiole plant, particularly leaves and rhi/omes, 
is hitter in taste and resembles gentian {Gcnliana 
lutca) in properties. The plant contains rutin. 
c|uercetin-3-galactoside, kaempferol-3-galactosidc and 
a hitter glucoside, meliatin, which is identical with 
loganin (C,;Ii2,i(),,„ m.p. 223°): an alkaloid gentia- 
nine (C,„n„Oj4N, m.p. 79 80”) found in gentian, a 


saponin, a tannin (3‘,‘()), a yellow' colouring matter 
and a small amount (0.07%) of volatile oil arc also 
present. 'I’lie leaves contain ascorbic acid (204.7 mg./ 
100 g.). The rootstock contains loganin, tannin and 
hetulinic acid (a triterpene hydroxy acid, CaoHj^Oa, 
m.p. 316-18°) (Wchmer, 11 , 975; Biol. Ahstr., 1959, 
33 , 1891 : Birch & Smith, Ausl. ]. Chem., 1956, 9 , 
234 : Manske A' Holmes. V, 310 : Cliciii. Ahstr., >94 
35 , 3033 : 1947, 41 , 4616 ; 1953, 47 , 7040 ; Heilhron & 
Bunbury. 1 , 287 : III, 186). 

'Phe j)lant is regarded as an emergency food in 
Russia. Leaves arc used as a substitute for hops in 
the manufacture of beer in (xermany and Sweden. 
The plant is con.sidered tonic, febrifuge and deohs- 
truent ; in large doses, it is cathartic, emetic and 
diaphoretic. It is used in rheumatism, gout, dropsy, 
scurvy and skin alTections : it is also used as a sub- 
stitute for tea. The plant is used as a ifarcotic in 
China (Uphof, 236 ; Bailey, 1947, II, 2037 ; 
Chittenden, III, 1287: Kirt. & Basu. Ill, 1670; 
Gathercoal & Wirth, 196 : Wren, 52 : Bentley & 
Trimcn, III, 184: Roi, 407). 

MERIANDRA Benth. (Lahiatac) 

A small genus of hoary or woolly shrubs found in 
India and Fast Africa. Two .species are recorded in 
India of which one is exotic and grown in gardens. 

M. bengalensis Benth. Bexoai. Sack 

D.F.P., V, 235 : FI. Br. Ind., IV, 653 : Mukerjee, 
Rcc. hot. Surv. India, 1940, 14 (i). 104 ; Kirt. & Basu, 
PI. 762A. 

Hixni & Kafurkapal : Tei.. — Sinia-kar- 

pnranin (names applied to leaves). 

A large straggling shrub, native of Ethiopia, some- 
times cultivated in gardens, es|)ecially in Bengal. 
Leaves oblong- lanceolate, finely crenulate, aromatic : 
flowers white, in globose w'horls : nutlets usually 
solitary, obovate-oblong, |)ale brown, smooth. 

A/, bengalensis is propagated by division of roots. 
It resembles the common sage {Salvia officinalis 
Linn.) in appearance and is often mistaken for it. 
Dried leaves of the plant have a fragrant odour and 
a warm, hitteri.sh, aromatic and grateful taste : they 
arc u.sed as condiment with curries in Bengal. They 
arc considered tonic, carminative, astringent and 
antiseptic. An infusion of leaves is used as a gargle 
in sore throat and as mouth wash in aphthae. It 
arrests or diminishes milk secretion. A tea is prepar- 
ed from the leaves and used in fevers and as 
stomachic. The leaves are placed along with stored 


346 



MERREMIA 


clothes to repel insects (Firminger, 138 ; Nadkarni, 
I, 792 : Kirt. & Basil. Ill, 1996 ; Cooke, 11, 475). 

'I’he herb distillation yields 0.4-1. 5“;, of a vola- 
tile oil (Oil of Meriandra) used in Ethiopia for the 
same medicinal purposes as sage oil. When the oil 
is cooled, camphor separates out. Fariially de- 
camphorated oil (from Ethiopia) has the following 
characteristics: d^*’\ 0.9464 : 1.4718 : |a]„, - 0.5°: 

acid val., i.o : ester val., 1 1.8 ; sol. in 1.8 or more vol. 
of 70% alcohol. The principal constituent of the oil 
is camphor (up to 70%) ; cineole, camphenc and 
another terpene are present (Finneinore, 727 ; Parry, 
I, 268; Chnu. Ahslr., 1955, 49, 11245: 1958, 52, 

'4979)- 

A/, slrohilifrra Benth. (names in Indian languages 
same as those of A/, hcniralciisis) is an erect shrub, 
0.6-1. 5 in. high, found on dry rocks in western 
temperate Himalayas from Simla to Kumaon at alti- 
tudes of 1,500-2,100 m. It possesses the same proper- 
ties as those of A/, briif^alcusis, A strong decoction of 
the leaves is used as lotion for ulcers and for healing 
raw skin abrasions (Kiri. & Basil, 111, 1996). 

MERREMIA Dennst. (Ctwvolvulaccac) 

A genus of climbing, prostrate or erect herbs or 
low .shrubs distributed in the tropics. About a dozen 
species occur in India : a few exotics are grown in 
ga rdens. 

M. dissecta (Jac(|.) liallier f. syn. Ipoinoca siimata 
Ort. 

FI. Br. Ind.. IV, 214: FI. Malesiana, Ser. I. 4(.t). 

A perennial twining shrub, native of tropical 
/\merica, occasionally grown in gardens for orna- 
ment and sometimes found as an escape in 
hedges and moist places. lA'aves deeply palmately 
5 7-lohed ; flowers funnel shaped, while with purple 
centre ; capsules globose with 4 glabrous, black 
seeds. 

The |)lant is reported to contain hydrocyanic acid 
and is |M)isonous to cattle. The leaves possess the 
odour of oil of hitter almonds and are used in the 
preparation of a li(|ueur (("hopra rt aL, 7(^8 : Williams 
Williams, 195: Dymock, Warden Hooper, II, 
54f>)- 

M. emarginata (Burm, f.) Hallier f. .syn. Ipomoca 
renifonuis Choisy 

1).E.P., IV, 491 : FI. Br. Ind., IV, 206: FI. Male- 
siana, Ser. I, 4(4), 444 ; Kirt. & Basil, PI. 665B. 


Sans. -A/ ttshakarni ; H ixdi — Mitsakani ; Bk.vo. — 
Bhuikamri, indurktini ; Tkl. — Elik(hjcwiulu ; Tam. - 
Elikathu kccrai, 

V^o'swwy -ihulirkaui, 

A perennial, inuch-hranched, prostrate herb found 
in damp places in upper Gangetic plain, Biliar, West 
Bengal, N. Circars, Madras, western ghats, Deccan 
and Gujarat ascending to 900 m. in the hills. Ecaves 
reniform or ovate-cordate, crenate ,* flowers tiihiilar- 
campanulate, yellow : capsules small, suh-glohular 
with 4 seeds. 

'I’he plant is eaten as pot-herh. It is considered dc- 
ohsinienr, diuretic and alterative, and u.sed in rheu- 
matism and neuralgia. In Java, it is used for coughs. 
1'he juice of the plant is dropped into the ear to cure 
sores (Kirt. tV Basil, III, 1722: Chojira, 1958, 51 1; 
Burk ill, II, 1455). 

M. tridentata (Linn.) Hallier f. suhsp. tridentata 
syn. Ipomoca tridentata Roth 

FI. Br. Ind., IV, 205: FI. Malesiana, Ser. I, 4(4), 

445. I'ig- 27- 

Sa.ns. — Prasarini ; 7'am. Mndiya kunthaL thirip- 
pan piilln, saviilikodi ; Mal. Prasarini, talanili. 

MrxiMKi Darn jamjuri, hut rede, hut tasad. 

A slender, much-hranched, prostrate j)erennial 
found in upper (Jangelic plain, Bihar, Orissa (near 
Chilka lake). West Bengal, S. India, Deccan and 
Gujarat. Leaves linear-hastate or ohlong-ohovate. 
often deeply emarginaie : flowers funnel-sha])ed, pale 
yellow : capsules small, globose with 2-4 seeds. 

'The plant is relished by cattle. It is considered 
hitter, astringent, calefacient and tonic and used in 
the treaiment of rheumatism, hemiplegia, piles, 
swellings and urinary disorders : a decoction of the 
root is .'ilso used for the same purposes (Chandra- 
sekharan Sundararaj, Madras a^j^ric. /., 1949, 36, 
431 ; Mooss, pt 1, 81, 83: Kirt. & Basil, III, 1734: 
Kama Kao, 279). 

A/, iridcfitata suhsp. hastata (Desr.) Dost sir. syn. 
A/, hastata liallier f. ; Ipomoca a}igustifolia G. B. 
Clarke (FI. Br. Ind.), non Jacij. (Tkl.- Kotida, sita 
savaram ; '[\\M. -Tala-ncli ; Mal. Chcruvaycra) is a 
dilTuse, twining biennial found in upper Gangetic 
plain. West Bengal, Khasi and Jaintia hills, Orissa 
(near Chilka lake), cast and west coast di.stricts, 
Deccan and Rajasthan. A poultice of leaves is applied 
to the head for fever in Malaya. A decoction 
of the roots is used as mouth wash for tooth- 
ache (Burkill, If, 1456 : Fox, Philipp. J. Sci., 1952, 
81 , 341). 
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M. tuberosa (Linn.) Rendlc syn. Ipnmova tuhcrosa 
Linn. 

Hailey, 1949, 820; FI. Malcsiana, Ser. I, 4(4), 447, 
Fig. 29. 

A glabrous perennial twiner with a large subterra- 
nean ruber, probably nafiv'e of tropical America, 
grown in Indian gardens ; it is also found as an 
escape. T^eaves orbicular, deeply palmatcly 7-lobed ; 
flowers funnel-shaped, yellow : capsules sub-globose 
to depressed globose with 4 seeds. 

The tuberous root, known as Brazilian Jalap, is a 
drastic purgative. It occurs in the form of transverse, 
circular slices, 5-8 cm. in diain. x 0.5-1. o cm. thick, 
pale greyish brown in colour with several concentric 
rings and numerous pale resin cells. It contains 
i2-25"’(. resin (acid val., 23.1 : sap. val., 141.6) of 
which 5-67,', is soluble in ether : this resin is more 
soluble in water and chloroform than jalap resin. Ti 
is used as an adulterant of jalap (Exo^ofiitnu purga) 
(H.P.C., 1959. 392 : Kirt. & Basu, III, 1728 ; Wallis, 

430 - 

M. umbellata (Linn.) Mallier I. subsp. orientalis 
(Hallier f.) Ooststr. syn. Ipomoca cymosa Roem. & 
Sell id t. ; /. pilosa Houtt. 

D.E.R, IV. 484: FI. Br. Ind., IV, 211 ; FI. Male- 
siana, Ser. I, 4(4), 449. 

Bkno. -Sfipussittidu : 'ri’.L. — CatiikattHtivva, kappa- 
tivva, vcriimallv ; '^V^^\. --Kolavarvalli; Mai.. — Kola- 
vara valli ; Oriya- -Fa ninoi. 

Assam — Goria loti, kolia lota ; CrARoSitliri- 
bodii ; Lushai — Voktcsentil ; Santai. — Karmhi arak, 

A twining or prostrate herb found from Punjab 



FIG. 126 . MHRRHMIA UMnF.M.ATA SUBSP. ORIENTALIS—FLOWERING 
BRANCH 



FIG. 127. MERREMIA VITIFOI.IA—FLOWERING BRANCH 


eastwards to Assam, Garo, North Cachar. Aka and 
Lushai hills, eastern ghats up to Godavari, western 
ghats, ]X‘ccan and Andaman Islands ascending to 
1,200 m. in the hills. Leaves variable, ovate, ovate- 
oblong or oblong, entire ; flowers funnel-shaped, 
white or yellow to orange : capsules gioliose with 4 
hairy seeds. 

The young leaves are eaten as pot-herb. The 
plant is considered useful in Indonesia for. fistiilae, 
pustules and tumours. A poultice of the leaves is 
used as an external application for burns, scalds and 
sores. The seeds yield a mucilage used as an aperient 
and alterative in cutaneous diseases. The seeds con- 
tain also a fatty oil and a resin |/. sci. Res. Indonesia, 
1952. 1 (suppl.), 28 : Burkill, II, 1456-57 : Nadkarni, 
I, 6S5-86 : Wehmer, II, 1012]. 

M. vitifolia (Biirm. f.) Hallier f. syn. Ipomoca 
viti folia Blume 

D.F.P., IV, 496; FI. Br. Ind., IV, 213; FI. Male- 
siana, Ser. 1 , 4(4). 448 ; Bor & Raizada. 7, I'ig. 6. 

Mar. -Navalicha vel. 

Bombay — Nazval ; Mundari — Nanrikadsom ba ; 
Garo — Dnkfntmi-hidu. 

A large perennial herbaceous twiner found almost 
throughout India, except the dry North-West, 
ascending to 1,200 m. in the hills. Leaves suborbi- 
cular or broadly ovate, palmatcly 5-7-lobed ; flowers 
funnel-shaped, yellow or purplish ; capsules sub- 
globose with 4 seeds, 
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The plant is propagated by stem cuttings or 
layers ; it grows fast and is suitable for covering 
walls, trellises and pergolas (Bor & Raizada, 7). 

The plant is used for strangury and urethral dis- 
charges. The juice of the plant is considered cooling 
and diuretic. The leaves contain a glycoside, which 
on hydrolysis yields hydrocyanic acid and henzalde- 
hyde. The root is eaten raw by Miindas as a 
stomachic (Kirt. & Basil, 111 , 1733: Wehmer, II, 
1014). 

A/. acg\pli(i (Linn.) Urban syn. Ipowoca penta- 
pliylla Jac(|. (Delhi — Gliiahel) is a herbaceous twin- 
ing annual found from upper Gangctic plain 
through Rajasthan and Madhya Pradesh to S. India. 
The seeds of tin* plant are considered edible (FI. 
Delhi, 246). 

A/, hcdcracca (Bunn, f.) Ilallicr f. syn. Ipomoca 
cliryscidcs Ker-Gawl. is a twining or |)rostrate herb 
found more or less rhroughoiii India. Tbe plant is 
eaten by animals. A poultice of the leaves is applied 
to chapped hands and feet (Burkill, II, 1456). 

A/, vuwnvasa (Lour.) Uallier f. syn. Ipowoca 
jjomczii C.B. Clarke is a large climber found in 
Lakhimpur (Assam) and Andaman Islands. The 
tubers are edible ; they are used locally in the treat- 
ment of diabetes and in aifections of throat and 
respiratory organs : they are reported to be mildly 
purgative | Burkill. II, 1455: V\. Malesiana, Ser. 1 , 

4(4). 45 ' I- 

Af. r/iyncorliiza (Dalz.) llallier f. syn. Ipomoca 
rhyncorhiza Dalz. is a twiner found in Konkan. 
Kanara and Kerala. Tlie tubers of tlie plant are 
eaten : leaves are used as vegetable (Cooke. II. 239). 

MESEMBRYANTHEMUM Linn. (Aizoaccac) 

A large genus of succulent perennial, rarely 
annual herbs, sometimes subshrubs disiributed most- 
ly in S, Africa : a lew species are reported from 
Australia, New Zealand, Arabia, Mediterranean 
region, Canary Islands and California. Some of them 
arc grown in Indian gardens. 

The genus has been recently split into a number 
of genera and tbe species grown in Indian gardens 
are now assigned to genera other than Mesembry- 
antlicmurn (Bailey & Bailey, 475 ; Chittenden, III, 
1 290). 

Mesembryanthemum spp. occur in liot or semi- 
arid regions, barren rocky places and sandy plains ; 
a few species frequent sea coasts. They can be grown 
in rockeries ; some are suitable for borders, window 


gardens and banging baskets. I'hey arc propagated 
by seeds or cuttings. Seeds are sown in October in 
the plains and in March on the hills. Watering 
should be so done that only the ground, not the 
plants, is wetted (Bailey, 1947, II, 2040: Bailey & 
Bailey, 475 ; Gopalaswamiengar, 400 : Chittenden, 
in, 1290-91 : Firminger, 503 04). 

M. crystallinum lAim. — Cryopliytum crysitdlinum 
(Linn.) N.F. Br. Ic:f. Plant 

D.K.P., V, 236 ; Bailey, 1947, II, 2042, k'ig. 2367. 
An annual succulent, native of S. Africa, grown in 
Indian gardens for its foliage. Leaves fleshy, ovate 
or long-spathiilate, usually clasping, covered with 
glisiening papillae ; flowers small, whitish or light 
rose. 

A/, crystallinum is grown, in America, on the sea 
coast and sally deserts to remove excess salts from 
the soil. Its introduction into the saline areas of 
Punjal) has been recommended as a reclamation 
measure (Malboira, Indian For., 1952, 78 , 509). 

The platit contains a|)j)reciable atiiounis of malic, 
oxalic, citric and phosphoric acids ; it is rej)ortcd to 
contain a saponin and an alkaloid, meseinbrine (?). 
It yields up to 30-50'’, ash (dry basis) containing 
c. 50",, |)(>iasb (Wehmer, I, 299 ; Watt cV Breyer- 
Brandwijk, 47). 

The leaves of the plant are eaten as spinach and 
salad : seeds arc edible. Tlie plant is considered 
demulcent and diuretic, and used in inflamtnations 
of pulmonary and genito-urinary tniicotis membrane. 
Leaves an- used in ascites, dysentery and diseases of 
the liver and kidney (Uphof, 236: Steyn, 210: 
U.S.D., 1947. • ^‘'ttr Breyer-Brandwijk, 47). 

Mesquite Bean — sec Prosopis 

Mesta — see Hibiscus 

MESUA Linn. (On tti ferae) 

A genus of trees or shrubs distribuied chielly in 
tropical y\sia. One .species is found in India. 

M. ferrea Linn. 

D.F.P., V, 236; FI. Br. Ind., I, 277. 

Hindi ^ Wksh. -N a jfkesar, na^^esar : Guj. (S: Mak. 
- -Na^champa ; 'Pel. — Na^kesara, kesaramn, natra- 
champakamn ; 'Pam. Nation, nan^al, inti na^a- 
ehamba^am ; Kw.— Na^akesara, nai^asaiiipi^e ; 
MM..— Nanga, peri, vein ilia pala. 

Assam -Nalior, dunn^-m^ai, ny^ai-chin^ ; Andaman.s 
— Ganyane, 

'Prade — Mesna, 
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A mc(Uuin-si/c(l to large evergreen tree with short and drought, hut these conditions are practically 
trunk, oltcii hiittressed at the base, lound in the unknown in its natural habitat (Troup, T, 24-26; 
lliinalavas Iroin Nepal eastwards, in north-eastern Kadainhi, hidiau For., 1954. 80 , 531). 

India. Deccan Peninsula and the Andaman Islands, Natural reproduction is generally profuse on 
ascending to an altitude of 1,500 m. Bark greyish or account of abundant seeding. Artificial propagation 
reddish brown, exfoliating in large thin Hakes ; may he done by direct sowing or by transplanting 
leaves lanceolate, coriaceous, generally covered with nursery raised seedlings. Transplanting is preferable 
a waxy bloom underneath, red when young : Howers under top canopy shade and may he carried out 
large, solitary or in clusters of 2 3, white, fragrant : from the first to tin* third rainy season after sowing, 
fruits ovoid, nearlv woody, 2.5-5.() cm. long, with A spacing of 6 ft. is recommended. The rate of 
persistent calyx : seeds 1-4, dark brown, up to growth is slow. T he exploitable girth of c. 6 ft. is 
2.5 cm. diam.: cotyledons fleshy, oily. The tree is attained in 90 years or more, indicating a mean 
cultivated in gardens and avenues for its Howers annual girth increment of c. 1 in. It is likely that 
and foliage whicli are attractive, particularly when the tree grows faster in plantations than in natural 
youtig. forests. Mesua forests are worked under selection or 

Mesua is found in moist evergreen or semi-ever- shelterwood methods ( Proup, 1 , 26-2S ; Kadamhi. 
green forests, either scattered or in more or less pure loc. cit.). 

patches or belts. It recpiires well drained, deep fertile The tree is allected by brown cubical rot {f'otiics 
soil ; still clay and low lying situations are imsuit- doclnuius Berk. Br.) and white sap and heart rot 
able. It is a strong shade hearer, particularly when \G(t}io!icn}i(i liicidum (Deyss.) Karst. |. It is also 
young, and this makes it a valuable component of attacked by beetles, Xylchoriis discolor Blandford, 
the middle storev in forests. It is susceptible to frost A", inirrjrcins Blandford and a few others as well as 
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FIG. 128 . MESUA FERRE A— PLANTED AVENUE 
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by a iMiprcslid i)i)rc‘r, Clir\siKlirna sp. (India}! ]. 
(n^}’H\ Sd., 1 95*), 20, 126; Khan, Palcisl. J. Sci., 1952, 
4 , 65 : Slcbbiii}*, 587 88 : Malliur, Indian For., 1958, 
84 , 40). 

riic sa|)\MK)(l is crcaniv while or pinkish brown, 
rather broad : lieartwood dark red or deep 
reddisli brown, smooth, straij;bi- or somewhat 
inierlocked-grained, medium- to ( oarse-textured, 
hard, stronj;, rough and heavy (sj). gr., 1.03 : wt.. 
5b 67 ll).,('u. ft.). 11ie tind)er is slcnv and dillicidt to 
season and is liable to surrace cracking, warping and 
splitting. Slow drying under ('over, protection Irom 
hot winds and weighting of stacks prevent excessive 
degrade. 'The wood is very dur.ihle : graveyard tests 
indic ate \\ life of 10-15 vears ; it is rarely attacked 
bv white ants. It is relrac tory to treattnent. side and 
end penetration being practically nil (Pearson 
Hrown, I, 58-59; Liniave. Indian For, Rrc., N.S., 
I'inih. Mccli., ic;54, I, 54: Trotter. i(;44, 15b: 

Browne, 192 : Ihirushotham cl al., Indian For., 1953, 

49 )- 

'J’he wood is dillicult to saw even when green. It 
can be worked by tools and machines, but is liable 
to tear up in rough streaks if worked on a (piartered 
surface. 'Hie data for the cotnparative suitability ol 
mesLia timber, expressed as percentages ol the same 
properties of teak, are: wt., 140 : strength as a beam, 
q5 ; stiffness as a beam, 150 ; suitability as a post, 
150 : shock-resisting ability, ibo ; retention of shape, 
55 : shear, 145 ; and hardness, 215 (IVarson cV Brown, 
I. bo ; TnMter, 1944, *35 • id may e. Indian For. Rcc., 
N.S., Timl). Mali., 1954, U Sheet No. 13). 


Mesua timber is used for railway sleepers, bridges 
and posts, beams and construction work ; it is suit- 
al)le for elcTtric poles and ctirrier's cutting blocks. 
It is used also for boat-building (especially keels, 
helms .and masts), well-construction, mines, .agricul- 
tural implements, crushers, bearings, tool handles, 
golf club heacN and walking slicks. It may be used 
lor gunsioiks, musical instruments and cabinet work, 
although rather heavy for these purposes. It is a 
good tuelwood (calorilic value: salKcood- 4.95b cal., 
8,(y2i B.t.u. : licarlii'ood 5.051 cal., c^.ocjo B.t.u. 'I’lie 
wood shows marked Russel ellect that is, it acts on 
photographic' emulsions in total darkness giving 
clear and sharp pictures of grain structure and 
surlac'c* markings (Pearson Brown, I, bo : 'Trotter, 
ic;44, 135: Howard. 3bb : Indnstrw (at/cnlla, 1CJ50 
51, 41 , 2c;9 : Liinaye Indian For. Lcafl.. No. 8. i(;4i ; 
K.'id.'tmhi, loc. cii. : Browne, 192 : Krishna ik Rama- 
swami, Indian For. Bull., N.S., No. 79, 1932, 20). 

Seed kernels, forming 53-73".. of the weight of 
seeds (150 200 seeds weigh i lb.), yield bo- 77“,. of a 
viscous, reddish or dark brown oil with ;i dis.agree- 
able odour and a bitter taste. On standing, the oil 
deposits stearin and resinous matter. A specimen of 



I'.U.I., Drlirn Dun. lamln : S. S. (Uiosli 
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oil from Assam had the following charaitcristics : 
(I , 0.9598 : 11 ’ , 1.47S0 : iod. val., 88.56 : sap. val., 

208.6 : acid val., 6.08 : R.M. val., 4.81 ; Polenskc val., 
0.52 : Hchiicr ^'al.. 90.41 : and unsapon. maitcr, 2.92‘V.. 
The fatly acid composition of the oil was; myristic, 
0.22 : |)almiiic, 13.58 ; stearic, 13.24 : oleic, 59.(x; ; 
and linoleic. 13.88 mol. "', ; the component glycerides 
were: trisaiiiraied, 6.39: palmitoslearo-olein, 6.12; 
di|)almiUM)lein, 6.09: distcaro-olcin, 6.12 ; stearo- 
(liolein, 12.57: palmit(Mliolein, 12.69: linoleo-diolein, 
2S.53 : and triolein, 21.47 niol.',’.,. Wide variations 
have been observed in the phy.sico-chemical charac- 
teristics of oils from riilf'erenl localities ; iod. val. 
ranges from 73 to 96, acid val., 6 to 31, and sap. val., 
193 to 230 ('rroup, 1, 25: Dhingra llilditch, /. 
.Soc. (•//(•;//. hid. Loud., 1931, 50 , 9 T : Kasturi cl id., 
J. sci. indiistr. Res., 1954, 13 B, 453 : Kaptidia 
iAggarwal, ibid., 1954, 13 B, 732: h.ckey, 69() : Diitt 
cl ft!., hidimi Soap ]., 1950-51, 61 , 72). 

'I'he seed oil is suitable for soap making, hut has 
not been exploited for this purpose hecaiisi* of its 
objectionable colour. "I'he oil can he refined by treat- 
ment with caustic soda followed by bleaching with 
activated carbon, or treatment with potas.simn 
chlorate and hydrochloric acid. The non-glyccridic 
components may he extracted with alcohol or other 
solvent, and the oil treated with dilute alkali, 
followed by bleaching and deodori/ation. An elegant 
reiining method consists in dissolving the oil in 5 
times its weight of carbon tetrachloride and passing 
the solution through a column of alumina : the 
(ohimn is siihse(|uently washed with carbon tetra- 
chloride and the solution and washings when worked 
up yield a relined product which is colourle.ss, odour- 
less .and tasteless. Refined oil is suitable for use as 
soap stock (Dalta cl (d.. Bull. Dcp. hid. Bcn^., No. 60. 
1933 : Kapadia Aggarwal, loc. cit. : Gupta, /. sci. 
iudustr. Res., 1951. lOB, 24: Mitra, hiduni Soap J., 
1954 55, 20 , i(K) : Kasturi ct al., loc. cit.). 

It is estimated that c. i5o,(K)o md. (5.500 tons) of 
mesiia seeds are annually available from liakhirnpur 
and Sihsagar districts of Assam. Klforis are being 
made to establish a factory to extract the oil for use 
in the manufacture of soap | 0 / 7 .s Oilseeds J., 1958- 
59, 11(3), 12 ; i959-h‘), I2(i), 17I. 

Mesua seed contains a pale yellow lactone, mesuol 
(("2;, 11220-. tn.p. 154"), to the extent of 1% ; it is 
probably a 4-phenylcoumarin of a complex nature. 
The seed contains also another phenolic constituent, 
mesuone (C^Jf^^O,, m.p. 136^) in much smaller con- 
centration. Both mesuol and mesuone show anti- 


bacterial activity against Micrococcus pyofrenes var. 
aureus, Escherichia coli, P^.herlhella typhosa. Vibrio 
cholerac. Bacillus fricdlaudcri and Mycobacterium 
phlei. Mesuol is more active than mesuone and the 
activities of both are markedly depres.sed in the 
|)resen('e of normal scrum. Mesuol is as active as 
allicin and e. T!;', as active as penicillin G against 
M. pyo^cues var. aureus. Hie kernel oil shows slight 
anii-hacterial activity against M. pyoffeiics var. 
aureus and the shell oil is inactive (l)utt el al., 
J. hidiau chem. Soc., h;4o, 17 , 277 *, Chakrahorty 
ct al., Proc. iiat. hist. Sci. India, 1959, 25 B, 8). 

The kernel meal, freed from oil, is rich in nitrogen 
(5.1V") ‘'tnd phosphorus and m;iy he used as manure 
(Mitra, loc. cit. : Datta ct al., loc. cit.). 

The fragrant stamens of mesua ilowers are 
re|)()rted to he used in Malaya for st tilling pillows 
and cushions. Dried Ilowers, along with other aroma- 
tics are used in the preparation of perfumed oint- 
ments. Hie flower buds contain a yellow colouring 
matter and two hitter poisonous suhst.tnces. A 
reildish hrowti volatile oil (cf’' , 0.891) with the 
characteristic aroma of the Ilowers is obtained by 
solvent extraction of Ilowers or distillation with 
water ; it may also he obtained by enlleurage with 
olive oil. Known under the name otto of na^keshar, 
the oil is used for perfuming soaps, particularly in 
conjuiK tion with sandalwood oil |Burkill, 11 . 1460: 
('hem. Abstr., 1931, 25 , 383^;: Wehmer, II, 784; 
Krislma iV Badhwar, /. sci. iudustr. Res., 1947, 6(4). 
suppl., 4() : Chem. 1948, 42 , 3535I. 

The oleo-resin, which exudes from the base of 
immature fruits and also from incisions in hark and 
roots, has a strong aromatic odour. It yields 0.6% of 
a volatile oil with the characteristic odour of flowers, 
riie oleo-resin has been suggested as a substitute for 
Canada balsam : it may he diluted with turpentine 
and used as a varnish. 

The fruit is sometimes eaten. Hie iicricarp con- 
tains a considerable amount of tannin. The flowers 
are astringent and stomachic. Bark and unripe fruits 
are astringent, aromatic and sndorilic. The seed oil 
is used as an embrocation in rheumatism and for 
skin disea.ses (Kirt. & Basil, 1 , 275). 

METROXYLON Rotih. {Pahuae) 

D.K.P., V, 239 : VI (2), 383 : FI. Br. Ind., VI, 481 ; 
Blatter, 256, PI. 48 & 49. 

A small genus of palms found mainly in Malaysia, 
'fwo species, M. sa^ru Rotth. and M. rumphii Mart, 
commonly known as Sago Palms, constitute the 
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principal source of sago. They arc occasionally 
grown in Indian gardens. 

Af. sn^tt Kotll). is an unhranched palm, ahout 
y-i2 111. high, indigenous to Malaya, and often 
grown in Indonesia and the Philijipines. it has a 
thick-set cylindrical trunk, often attaining a girth of 
1. 25- 1. 50 111. The palm flowers once in its life time 
at the age of 10-15 years after which it dies. 

The palm thrives in low marshy situations and is 
propagated by suckers. It can also he grown from 
seeds, though good viable seeds are dillicult to 
obtain : seedlings raised from them do not develop 
true to ty|x* : some are smooth sheathed and some 
are spiny sheathed, indicating that the cultivated 
|)alm is a hybrid of A/, sa^u (smooth sheaths) and 
A/, rumlyliii (spiny sheaths). 

Sago palm attains maturity and produces an 
inflorescence at tlie age of 9-15 years, when the 
interior of the stem is gorged with starcli. Tlie palm 
is felled at this stage and the stem cut into short 
lengths of 1.0- 1.2 m. and split. 'The pith is rasped into 
a coarse meal and kneaded with water over a strainer 
through which the starch passes into a trough leaving 
the fibre behind. The starch is allowed to settle, 
washed oikc or twice with water and dried. The 
([uality of starch improves with washing. Starch of 
high (|ualitv is used for preparing sago jiearls. For 
this purpose, the starch is kneaded into a paste and 
rnhhed into grains through a sieve. The grains are 
roasted over fire in a pan smeared with vegetable oil 
to give gelatinized globules. A single palm is report- 
ed to yield 250-660 11). of sago : on rare occasions a 
yield as high as 1.200 Ih. is obtained (Blatter. 259; 
Burkill, II. 1461 ; (hist, 299 501 ; Johnson Rav- 
moiid. Colon. PI. A}iini. Prod., 1956, 6, 20). 

Sago globules are used chieHy as an article of diet, 
especially during convalescence and also in htiwel 
crimplaints and febrile disorders. It is non-irritating 
to the stomach lining and is readily digested. Sago 
starch is used in puddings and as a component of 
bread, jiastries and various other food products. wSago 
starch is used in the textile industry for sizing and 
finishing cotton warps. It gives a solution with a 
higher viscosity than maize starch solution of the 
same concentration, though not so high as that of 
tapioca starch ; the vi.sco.sity is maintained over a 
wide range of temperature (Brautlecht, 276 : Stein- 
metz. II, 395 : Brown, 1 , 220 ; Johnson & Raymond, 
loc. cit.). 

Granules of .sago starch are fairly large (20-60/*) 
in size and oval in shape. Analysis of a sago gave 


the following values: moisture, 12.2: protein, 0.2; 
fat, 0.2 ; carbohydrates (starch). 87.1 ; and mineral 
matter, 0.3''.,: calcium, 10; phosphorus, 10: iron, 
1.3: and nicotinic acid. 0.2 mg.".. (Wurzburg, 

Eio}i. Bol., 1952, 6, 2M ; HItli Bull., No. 23, 1951, 

The fresh pith of sago jialm is toasted and eaten 
in the IMiilippines. 'The pith meal is valued as a feed 
for pigs and also for horses and poultry. It can re- 
place a part of l);irley meal in j)ig rations. Analysis 
of pith meal and sago refuse gave the following 
\alues: juth nirul — moisture, 22.7: protein. 2.1 : fat, 

0. 2: carbohydrates, 51.0: fibre, 7.8: atul mineral 
matter, 16.2“,,: digestible protein, 1.4: digestible 
carbohydrates, 50,5 : and starch ecjuiv., 64.2 lb./ 
100 lb. ; nutritive ratio, 45.0 : sa^o refuse —nMmxwrc, 
73.5; protein, 0.5; fat, 0.1; carbohydrates, 23.5; 
fibre, 1.6: and mineral matter, 0.8",,: digestible pro- 
tein, 0.3: digestible carbohvdrates, 20.1 : and starch 
ecjuiv., 21.5 Ib./if'.o lb.: nutritive ratit), 70.7 (Brown, 

1, 220 : 'IVik, Sei. Ser. /)c/). . 1 gr/c., Mulu\u, No. 24, 
1951, 22, 26, 71, 72 : Burkill, II, 1462). 

'riie outer layers of the trunk are used for flooring 
and also for making buckets. The leaves are used for 
thatching, mats and baskets (Brown. I, 220 22 : 
Burkill. II, 1463). 

Sago was fortnerly imported into India from 
Malaya and Indonesia. It is now obtained mainly 
from Muuilioi c.scuh ula (Cassava) cultivated in India. 

Mexican Jalap — see Exogonium 

Mexican Poppy — see Argemone 

Mexican Tea — see Chenopodium 

MEYNA Roxl). ex Link (Ruhiueeue) 

A genus of shrubs or small trees distributed in the 
tropical and stib-t topical regions of the Old World. 
J’wo or three s])ecies are found in India. 

Vuugueriti spinosu of Kl. Br. Ind. covers a group 
of plants which are not disc riminated in their eco- 
nomic uses. Kecentlv these have been separated and 
transferred to several species of Me\nu including 
A/. luxifJoru and A/, spinosu : these species, however, 
are considered almost inseparable by sotne. 

M. laxiflora Robyns syn. I'ufi^ueriu spino.su Hook, 
f. (FI. Br. Ind.) in part 
D.K.P., VI (IV), 221 : FI. Br. Ind., Ill, 136. 

Hindi tV Bkn(;. -A/t/yn*/, mudunu, niuitiphul, 
niuiuukfuitu ; Mak. /!///, Iiuloo, liuUneni ; Gi\|. - 
Alu, utu ; 'Tki.. Ceirui^uddu, veliki, visikilamu ; 
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1.4780: :ici(l val., 3,9; sap. val., iyo.75 ; iotl. val., 
SS.63 : R.M. val., 1.56 ; Polcnskc val., 0.48 ; acct, val., 
5.8 ; and unsapon. matter, 0.95 Vm. The component 
fatty acids of the oil arc: palmitic. 18.8; stearic, 
9.0 : oleic, 32.5 : and linolcic, 39.7 'V, (Nadkarni ct al„ 
j. ludian eh cm. Soc., 1947, 24 , 25). 

Mezereon — see Daphne 

MEZONEURON Desf. (I.e^rmuinosne) 

Kl. Br. Ind., 11. 257. 

A small genus of climhing shrubs or rarely trees 
distributed in the tropics of the Old World. Four 
species occur in India. 

M. eueullatum Wight & Arn. (Tkl. Gahbttsikaya; 
Taw. -linlu, maltieeiiigai : Kan. -Mulloduhalli ; 
Mai.. Kak'ik(di}iffiv(dli ; Assam. IhigUasora, 
(Oichora ; Lushai Lingkliang: Nkpal — Bnkslii- 

kunra ; Lkpcha — Nean^kupzhu) is a large, prickly 
climber with long hipinnate leaves found in the moist 
forests from Kumaon eastwards to Assam, Khasi and 
laishai hills, Deccan, western ghats and Andaman 
Islands. It hears thin, reddish brown pods con- 
taining one (:om|)ressed, reniform seed. "I'he seeds 
arc powdered and given to cows as a vermifuge 
(Cowan Cowan, 53). 


Tam. -Mioudikarai ; K.\s.—Mull(ikare, guudkare, 
gober^tdly ; Okiya - Gttrbeli, moltakanta. 

Assam — Ketkora, mou. 

A spinescent or unarmed shrub or a small tree 
found in western U.P., Bengal, Assam and the Deccan 
Peninsula. Leaves ovate to elliptic : (lowers in lax 
cymes, greenish white : drupes suh-gloho.se. c. 2.5 cm. 
diam., smooth, green to brown, succulent : seeds 
albuminous, with a membranous testa. Phe closely 
related A/, spinosa Roxh. ex Link hears (lowers 
crowded into fascicles, and has shorter pedicels and 
petioles. 

The fruit and the leaves are eaten. 'Phe leaves are 
used as fodder, hut are of a poor (juality (FI. Assam, 
111 , 67 : Haines, IV, 439 : Laurie, Indiafi For. Leafl.^ 
No. 82, 1945, * 7 )- 

The dry fruit is believed to he narcotic and is rc- 
ported to he used for boils and dysentery. The 
powdered leaves arc .said to he good for diphtheria 
|Bressers, 77 : Carter & Carter, Rcc. hot. Surv. India, 
1921. 6(9), 4151. 

The decorticated seeds on extraction with ben- 
zene yield 38.5% of a fat having the following 
characteristics: gr. 0.9515; m.p. 50"' 


MICA 

Micas represent a group of compU x aluminosilicate 
minerals characterized by jierfect cleavage in a single 
direction, due to wdiich they can he split into extreme- 
ly thin, (lexihle and lough sheets or laminae. Mica 
minerals crystallize in the monoclinic system, often 
in forms closely resembling pseudohexagonal or 
pscudo-orthorhomhic systems, and exhibit, in many 
c.lses, tNvin structure. X-ray studies show' a sheet like 
arrangement of low' atomic structure and a hexagonal 
grouping of atoms. 

The micas are extremely complex and variable in 
chemical composition. The principal members of 
the mica group are: Muscovite or potash mica 
|H2KAl;j(Si()j);^| : Phlogopite or magnesium mica 
IlIaKMg.jA^SiO,)./! : Biotite or magnesium iron mica 
|H2K(Mg,Fe);,Al(SiO,).,| ; Paragonite or sodium mica 
|lI.jNaAI;,(SiO,);,| : lA'pidolitc or lithia mica [chiefly, 
(0M,F)2KLiAl3Si30,„| : Zinnwaldite or lithium-iron 
mica jlaaKaFcaAljSiyOa.l ; and T.cpidomelane or iron 
mica |(lI.2K)Fe;,(Al,Fe)(SiO,)fl] : within the general 
limits of the type formulae, substitutions of different 
elements may occur which alter the chemical 
composition without modifying the lattice structure 
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or aflecting the physical properties. Minerals like 
Sericite (scaly muscovite), Roscoelite (vanadium mica) 
and Fuchsitc (chrome hearing mica) also belong to 
this group. 

The common mica, muscovite, is the most valuable 
of all the micas. In thin films, it is colourless and 
transparent when pure ; it may he stained and tinted 
due to impurities. In ‘hook’ form, it is white, reddish 
or greenish in colour ; Bihar muscovite is reddish in 
colour and is known in the trade as Ruby mica ; 
muscovite from Andhra is greenish. 

Phlogopite is known as Amber mica because its 
colour ranges from pale yellow to blackish brown. It 
is less transparent than muscovite ; even in thin films 
it shows some tint or faint cloudiness. 

Biotite is usually black in thick crystals, but thin 
laminae are brownish red or brownish green when 
viewed by transmitted light : it is often opat|UC in 
thin sheets. It docs not split into thin films as readily 
as muscovite or phlogopite. 

Lepidolite, zinnwaldite and roscoelite are used in 
industry mainly as sources of lithitim and vanadium. 

Muscovite and biotite in the form of small flakes 
are essential constituents of many igneous rocks, 
gneisses and schists : they also occur as secondary 
minerals in metamorphic rocks. Biotite disintegrates 
under the influence of weathering agencies and is not 
usually fotmd in sedimentary rocks. The occurrence 
of muscovite in economic t|uantities is confined to 
coarse-grained pegmatite dykes of acid igneous origin 
consisting largely of (|uartz, felspar and mica. 
Phlogopite, on the other hand, is restricted to basic 
igneous rocks, especially pyroxenites, which arc 
intruded into inetamor[)hosed limestones and 
gneisses. 



Gcol. Surv. Indift. Photo: -t. l-'fitif 
FIG. U2. BOOK OF MICA 


TABI.R 1— PROnUCTION OI‘ MICA IN PRINCIPAL PROOUCING 
COUNTRIES ♦ 

(Qty in tonnes) 


niocffs, Shi'ctK & 

1956 

1957 

1958 

An^ohi 

:i 

21 

21 

Australia 

15 

17 

51 


MO 

96 

n.a. 

Itra/il 

1,52S 

1,482 

1,419 

Imlia (exports) 

9,2.S0 

7,552 

6,470 

Madaj^ascar 

5.i9 

964 

922 

Southern Kiuuiesia 

56 

52 

48 

thnon of Soiitli Afrit'a 

1 

1 

1 

'rati^aiiyika 

59 

68 

50 

U.S.A. 

\M 

515 

200 

Total 

11,541 

10,526 

9.262 

H'f/s/e Mica 




An^olat 

l.?9 

585 

525 

Arj^eniina 

50 

1 

n.a. 

India (exports) 

1 2,5.tS 

1 2,844 

10.887 

Union of Sfuith Africa 

2.2S7 

1,919 

1,951 

U.S.A. 

7S,.t69 

85,954 

84.7.S9 

Total 

95,485 

99,081 

97,902 

* Indian Minerals Yearh., 

1959. 245. 




M.:i. no! av;iilnl)lc. 

I Waste and spliltin/^s. 


Workable mica deposits occur as veins or lenticular 
intrusions of pegmatites traversing mica schists or 
mica gneisses, and they usually carry a core of tpiart/ 
surrounded by felsjiar or felspar-rich pegmatite. 
Books of mica occur commonly at the junction of the 
vein and the country rock, and also between the 
(jiiart/ core and felspar on its two sides (Krishnan, 
Mnti, geo/. Surv. India, 80 , 221 : Kirk & 

Othmer, IX, fvj). 

India is by far the largest producer of muscovite 
mica in the world, accounting for about 80';., of the 
total world production of sheet mica and s])littings. 
Bra/il is the second largest producer. Muscovite mica 
is produced also in U.S.S.R., Argentina, Canada, 
Madagascar, Peru, Bolivia and a few other countries. 
Phlogopite is produced almost exclusively in Mada- 
gascar and Canada. Table i gives the production of 
mica in the principal producing countries during 
1956 58. 
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Distribution in India 

Muscovite oeeiirs in commercial (jiiantitics in 
Bihar, Kajasihan and Andhra Pradesli. I^hlogopitc 
occurs in Kerala and Andlira l^radesh. Minor 
deposits liave hern reported from Mysore and 
Orissa. 

The total reserves of mica in India have not been 
assessed as the occurrences are erratic. Of the three 
major mica belts situated in Bihar, Rajasthan and 
Andhra, the Bihar belt bears the richest veins, and 
yields inusc:ovite ruby mica of excellent (piality ; 
Bihar and Andhra micas are generally of better 
(|uality than Rajasthan mica and fetch higher prices. 

Andhra Pradesh — Most of the workable deposits of 
mica are found in Nellore (list, in a belt c. 6o miles 
Umg (NNW SSK) and 15-20 milc‘s wide. The belt is 
V-shaped, tapering in the south at Vojili (south of 
Ckidur) : one arm passes northwards towards Nellore 
and the other north-west through Saidapuram and 
IJdavagiri. 'Phe pegmatites are usually lenticular in 
.shape and follow the strike of the enclosing schists ; 
payable deposits vary from 100 ft. to several hundred 
feel in length and a few feet to 50 ft. in width ; the 
mica yielding veins contain a preponderance of alhite 
or microc line [)erihiie : hiotite, garnet, tourmaline, 
apatite and beryl are also common. Books of mica are 
usually 6-12 in. across and 2-6 in. thick: hooks 
mc'asuring 2 5 ft. across and up to 12 in. thick are 
occasionally found. Mica mines are scattered 
throughout the belt, hut are mostly located within 
the limits of Kavali, Atmakur, Rapur and Gudur 
talu(]s around the following localities: Gudavalluru 
(i5'’o" : 7(/’4i'), Chinna Annaluru (i4‘’55' : 79"4o'), 
Chinnakraka (i4"5i': 7(^'^'5i'), Lakshmipiirain (14^47' 

• Dundigam (i4''42': 79"4S'), Srikolanu 

(i4^'4()': 7(;^47'), Vasili (i 4 ‘' 57 ': 79 ‘' 4 d'), Suryapalem 
(i4'\:^4': 79‘'44'), 11 iimmayai)alem (i 4 ‘' 3 i': 79'’ 35 ')^ 
Batiulapalli (i4"’3i' : 79°42'), Nallapalem (14^30': 
79^^45'), Tatiparri (i4'^’3t': 79^47')’ Prahhagiripatnam 
( 14^27' : 79'^45'), Toderu ( 1 4^24' : 79^46'), Marupurii 
(i4'^’24': 79''4S'), Inukurti (i4'"2o' : 79^^43'). Degapudi 
(14“ !(/: 79'^’43'), Vadlapudi (14'' 18': 79^48'), Devara- 
vemur ( 14" 17' : 79°46'), Tummalatalupur or Talupur 
(i4‘'’iS':79 '4i'), Kalichedu (14" 18' : 79^44'), Turimerla 
(14" 16' : 7(^44'), Griddalur (14° 16' : 79”47'), Utukur 
(14" 14' : 79^44'), Jogipalli (14” 13' : 79"’ 44'). Chaganam 
(14“ 12' : 79°4i'), Saidapuram (14° 10' : 79° 44'), Tiirpii- 
pundla (14'^’ 12' : 79''47'). Ananthamadiigii • 

79'' 43')* Ghenmir (14 9' : 79^^47'), Mangalapur (14^7': 
70' 47'). Ti|)panuru (i4°5' : 7(/5i'), Mekamuru (14'" 4': 

Voduru (i4''^4' : 7(/52'). Rettapalli (i4°5'; 


79°53') and Patharegunta (i4®3' : 79'’54'). Many of the 
pegmatites are now being worked at depths of 
30(^-500 ft. from the surface (Krishnan, Mem, f^eol. 
Snrv. India, 1(751, 80 , 227- 29 ; Roy, Ball, Sttrv. 
India, Ser. A, No. 11, 1(956, 12, 15). 

Nellore mica is light green in colour : it is gene- 
rally stained and spotted. A variety with a shade 
between green and ruby, kx^ally known ns honey 
mica, is found arexmd Nallapalem, Tatiparii, 
Prahhagiripatnam and a few other places. The mines 
of Mudigodu, Kalichedu and Utukur yield a ])ale 
ruby variety which (ompares favourably with Bihar 
mica. A few isolated ruby veins are seen in the vici- 
nity of Tellahodu (Chaganam area) and Shah mines 
(Saidapuram area). 

In Visakhapatnam (list., phlogopite occurs near 
Kudia (i 8'’7':82‘^’4') and Majigudem (18 ’ 12' : 82 "54'). 
Specimens measuring up to 18 in. or more across are 
sometimes met with : they are usually buckled and 
cracked. Phlog(^pite also occurs in small deposits near 
Masigudem (iH'’ 12' : 82^53'), Mandragudem (18" k/: 
82^54') and Borra (i8''i7':83”3') ; the occurrence 
near Borra covers an area of i s(|. mile and hooks of 
mica measuring uj) to 18 in. across are not un- 
common. While and greenish must'ovite of good 
(|ualify has been reported from Kurupam estate. 
Near Waltair, on the Visakhapatnam-Penduni road, 
light ruby mica has been found on a hilhu k (17"^ 44': 
83 °i6'3o") (Krishnan, loc. cit. ; Dey, Indian Miner., 
1950, 4 , 182). 

In West (iodavari (list., minor mica ocvurrences 
have been reported from Ankanagudeni (17^18': 
8 P’i 4') and Kovvurupadu (17" 1 1' : 8 1 32'). The depo- 
sits in the latter area were being exploited between 
1917 and 1(924; efforts are being made to reopen the 
(|uarries. Muscovite akso occurs at Dhanimetta, 
south of Nandigudem (i7'^(7'3o" : 81 "3(>')* 
Pochavaram (i7'’9': 8i"3(7'), ( 7 angolu (17° 12' ; 81^34') 
and Karcharlagudem ( 17" 7^30'" : 81*^30') [Krishnan, 
loc. cit. : Krishnaswamy, Rec. geo/. Sttrv. India, 19^4, 
85 ( 1 ). 78!. 

In Krishna (list., several workable mi('a deposits 
occur in 'riruvur taluk, hpotted and slightly brownish 
mica, measuring up to 6 in. across, has been found 
at Tiruvnr 8(^°37'), Gosavidu ( 16° 56' : 80° 2(9'). 

Kanmuru (i7°(/ : 8()”34'), Vavilala (i7''()5' : 8()°32'). 
Lakshmipuram (i7”o5':8o°38') and Konduru (16^58': 
8()”3(9'). A deposit c. 3 furlongs west of Tiruvur yields 
ruby mica of good (piality. Idght green muscovite 
has been worked in a valley near Jammalavoidurgam 
peak. Mica-hearing pegmatites also occur west and 
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sonth-wcsl ot* Tiriivur, near Kaminarkiintla 
So‘^4()'), Collamandla ( : S()°4(/3o''), Cainpala- 
giidcin Ho"* Kamachandrapalcni 

(i6'’52'3o'' : \ 1 ii(lian Miiirr., 194S, 2 , i8:j : 

Ziauddin, Rrc. Stirv. hidui, 1954, 86(1), iiS; 

Krishnaii, loc. cit.|. 

In Guntur dist., mica has been noted in surface 
pegmatites on the Kondavidu hill range, particularly 
on the Hanks of Mangala Konda, east of IVrecherla 
railway station. Smaller occurrences have been report- 
ed in various areas of the former Hyderabad state. 
Mica occurs at Mtichavaram, Battalpali and Kappal- 
handam all in Madhira taluk (Khammam dist.) and 
in a few other localities in Nizamahad and Adilahad 
districts |Rao, OuarL J. geo/. .Soc. Iiidiit, 1950, 22 , 74 : 
Mir/.a. liidl. Hyderabad geo/. Scr., No. 5, 19^^ ; Rev. 
geo/. Surv. India, 1954, 86(1), ii8|. 

Bihar Most of the world's supply of high (piality 
block mica is obtained from the Bihar mica hell, an 
area extending from Ciaya dist. on ilu* west for 90 
miles through Ha/arihagh and Monghyr districts to 
Bhagalpur dist. on the east ; the width of the belt 
ranges from 16 to 20 miles. 'The mica content of the 
pegmatite’s in the belt varies from 2 to The main 
centres of production are Kodarma, DoiiK'hanch. 
(iawan, Tisri, Chakai and Gharka|)alhal. Books of 
mica fomul within the belt vary widely in si/e : the 
larger among the.se are c. ft. across to 2 ft. or more 
in thiikness ; the average si/e is h 12 in. across x 
3-4 in. thick ; the smallest marketable si/e is about 
one inch stpiare | Jacob Mahadevan. hiduni Miii. 
./., 1957. 5 (io), 5.1 1 . 

The |)rincipal mining (cntrcs in Gava dist. are: 
Singar (24^’34' : 85'- Dahur (2.^ 

Ra jauli (24" 79' : 

1 he more important mica-hearing localities in 
I la/arihagh dist. are : Kodarma Reserxe Forest 
uortli of Kodarma (24' 28' : S5‘'36'), Ghatkari, Dhor- 
hakola, Domchanch (24'’2S' : 85*" .|2'). Dhengura 
( 24 ‘' 35 ':‘ 85 " 4 ^^')’ C;awan (24^\^7': 
^5 Masnodih, Farsahad (24"’ u/ : 8;; 45'), 'Tisri 

Bendi (24^^)' : <^'l’arki (24‘-\u': 

Garia (24'^’23'3(/':85‘’o3'). At Dhengura, 
located 5 miles from Ha/arihagh town, is a small 
mica-hearing area outside the so-called mica belt. 

The largest production from the belt, in the past, 
was from an ;irea of c. <^7 s(|. miles within the 
Kodarma Reserve Forest region. In recent years, 
large (juantitics are obtained from other areas, in the 
north-east and east of the Reserve I'orest (Khedkcr, 
* 75 ). 


In Monghyr dist., mica occurs at Mahesri (24'’4i': 
86^’ 13'), Nawadih or Jhajha (24''47' : 86”23'), Chakai 
;md a few other places. 

Outside the mica belt, the mineral has been 
obtained from Singhhhum and Falamaii districts. In 
Singhhhum dist., p.ile green mica is found at Jhirana- 
dihi (22''2o':8h 39'), Benagaria (22" 19': 86 38') and 
Lauhera (22' 32' : 86' 41'). 

In Manhhum dist.. the mineral has been worked 
at China (23' 32' : 86" 26'). Kanki (23' 35' : 86''29'). 
Sonku|)i (2308' : 86 ’04'). Kodori (23"' 22' : 86' '30') and 
Malancha (23''25' : 86' 44'). Mica also (ux iirs in C.hal- 
hera (23 ’ 1 1' : 86 ' 13'), Marlong (23^ 27' : 86"oi'), 'Taher- 
hera (23''28' : 86'’o2'). Jahar (23°27' : 86"oF). Maramo 
(2 V-’28' : 86 "o 2'), Simni (23"27' : 86"oo'), Bhursa 
(23^< 9' : 86"’qo'), Raiigadih (23‘’oi' : 85-33'), Churku 
(22^49' :86''36'), jhairhaid (22 ^8':86 36'), jashpur 
(22'.tS':86'’36') and between Urma (23"'43' : 86‘'42') 
and C'hirudih (23"43' : 86"’37'). Books of ruby to light 
green musco\iie. often ribbed and stained, have been 
noti'd near the following places: Chuna (23'" 25': 
86^" 36'), Parasihona (23" 23' : 86"34'), Pima (23*^’ 24' : 
86^36') and Rudra (23^' 23' : 86"38') |l)unn, Mem. gcf)/. 
Sure. India. 1934, 86(1), 120; 1938, 87 (i), i3i|. 

In Palamau dist., mica occurs near Daltonganj 
(24'’o2' : 84 '’o 4'), l.esliganj (24 02' : 84*^ 1 2'), Kini 
(24^04' : 84 ' c'F) and Khorhi (24 "'(j 2' : 84' 00'). Mica has 
also been rect)rded from Sikriadnur (2 2''4i' : 84' 21/) 
and nc-ar Fohardanga in Ranchi dist. 

The strike and dij) of the l.arger mic.i veins 
occurring within the mica belt are usu.'illv parallel 
to the cleavage ol enclosing schists, hut there 
are manv veins which cut across the cleavage. 'The 
majority of payable veins are less than 100 ft. in 
length, though strikes up to 1.000 ft. liave becai 
rc’portc'd. 

I la/arihagh dist. accounts for about 76'*., of the 
State's production, the contributions of (iava and 
Monghyr districts are 19''., and 4",, respectively. 
Bihar mica is usually of ruby colour : grc-eii, wbile, 
sibery and brown micas are also found but only in 
limited (|uaniiiies. White mica is mined to a sm.all 
extent from the Singar mine (Ciaya dist.) | Ghosh, 
Indian Min. ]., ic;33, !(<;), n)\. 

Gnjaral In Saharkantha dist.. mica of iid'erior 
grade occurs at Bodi (23'"33G 7.V’ M'). Fimbhoi 

(-.V’ 59 ': 7 -° 5 '/) (RoY' 

iy5i, 141). 

Kc/i//;///> Mica has been located in pegmatite 
veins at Padar in Uri tehsil and in Kisbiwar, Karnah 
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and Ladakh areas. The deposits arc of no economic 
importance (Badyal, East, Met. Rev., 1955-56, 8 , 630 ; 
Malhorra. ibid., 1957-58, 10 , 908). 

Kerala — Phlogopitc of good (juality occurs near 
'J'iriivankod (8” 14' : 77° 18'), over an area, c. 2 s(|. miles 
in extent. From a quarry near Vettiyurkavii, c. 5 
miles from Trivandrum, phlogopite sheets up to 
10 in. across have been obtained, the average size 
being 2-5 in. Phlogopitc also occurs south of Punalur 
railway station (9° F : 76°56'). In Cannanore disi., 
ruby mica of good (juality was extracted during 
World War TI from pits at Chovva, miles east of 
Cannanore railway station (Krishnan, Mem. geo/. 
Surv. India, 1951, 80 , 239, 236). 

Madhya Pradesh -Mica occurrences have been 
reported at Chitaldongri (22°8' : 8o°3i') and Baniui 
(22"S':8 o°4i') in Balaghat dist. In Bastar dist., 
mus('ovite occurs south of Jungani (i9°45' : 8i"43') : 
the mica is of little economic value as it is weathered 
and damaged by gliding jdanes. Mica is found in 
Komochoki (22^^36' 182 '"07') and in the j)egmatites of 
Narsinghjtur and Chhindwara, in Bilaspiir dist. 
White and unspotted muscovite is found in a stream 
bed at Tilairwar (21^2": 80^47') in Nandgaon area. In 
Rewa (list., mica occurs at Rardghaia (23^58' : 
82*^47') Mainadhyi (23°58': 82^38') near Pipra. 
Mica of inferior (|uality is found in the former 
Surguja Slate, near Ilaldiharia, Sulsuli, Paharkarwan, 
Semra and Nawgain. 

Madras In Tiruchirapally dist., muscovite mica 
(size, 2-5 in. across) is found near Aiyampalaiyam 
(10^34': 78® 10'), Anaikuttitotiam, Kadavur (io°35' 
40" :7s" 1 1 '30'') and on the north-east spur of Mungil- 
malai. Old workings of mica have been noticed in 
these localities. 

Workable de|)osits of mica occur in a few places in 
'riruchengodii and Omaliir taluqs (Salem dist.). 
Muscovite has been mined intermittently in the past, 
from a pegmatite (c. 300 ft. long x 60 ft. wide) half a 
mile east of Kurumhapatti (i 1 '35' : 77''52'). Mica 
obtained from this locality is light ruby in colour and 
up to 6 in. across. Mica workings are found near 
Karaiyannur ( 1 1 “30' : 77"’56'), PaHip|:)atti ( 1 1 ^33' : 
77"" 55'), Dasavilakku (1 1^38':77®58') and Alaclichiam- 
palaiyam ( 1 1 '"35' : 77°49') (Krishnan, Mem. geol. 
Surv. India, 1951, 80 , 235; Aiyengar, Indian Miner., 
'949- 3, 77)- 

In Coimbatore dist., mica occurs near Karata- 
palaiyam ( 1 1 “3' : 77°35'), Padiyur ( 1 1 °3' : 77°33')» 
Vairamangalam (i 1 ^27' : 77”37'), Errajipanayakkan- 
palaiyam (i i°3i': 77°3i') and Punjai Puliyamj^atti 


(i i®2i': 77°io'). A few old workings exist in some of 
these areas. 

In the Nilgiri region, several good deposits of mica 
occur in the forested areas of Wynaad, near Gudalur 
(i I ‘'30': 76° 29'), Nellakota (i 1^34': 76°27'). Chundu- 
vayal (i i°3i': 76”26'). Devala (1 1^28': 76° 26'), IHiliam- 
parai (i i : 76° 26'), Tambattirnalai (i 1 ^32' : 

76^20'), Kolappalli (i 1^32': 76^20'), Ammankaval 
(i i''2i': 76°2 i') and Cherambadi (i 1^32' : 76^22'). 
Mines near Tambattirnalai and Clieramhadi yield 
ruby muscovite of fairly large si/e. Workable dcjx)sits 
have been reported from the neighbourhood of 
Mtisiiigudi (1 1°34' : 76^38'). 

Occurrences of muscovite have been reported from 
several other areas, e.g. Uchimalaikupjxam (Chengam 
ialu(|) in North Arcot dist., Batlagimdu (10'’ 10': 
77^46') in Madurai dist. and Kila Singampatti (8°4o': 
77^^26') in Tirunclveli dist. Pegmatite veins in Singam- 
patti hills carry light amber mica having a com|)osi- 
tion intermediate between muscovite and |)hlogopite. 

Maharashtra — Sizeable mica de|)osiis have been 
reported from Kadaval (i6°8' ; 73”49') in Ratnagiri 
dist. : they are rej)orted to be large enough to yield 
annually i(;o tons of mica for 10 years. 

Mysore -In Ilassan dist., mica is found in the 
Kahhur block, and east of C^hikkanhalli (i2°46': 
76° kV). In Kadur dist., mica has been mined near 
Kirki (13^25' : 75°2o'). In Mysore dist., workable 
deposits occur at Undivadi (12^24' : 76*"' 37') and near 
Vadesamudra (i2'’33' : 76^47'), north-east of French 
rocks ; fairly large hooks free from flaws are found 
in the Krishnarajasagara area. Mica occurs also at 
Hebhal (i5“27' : 76 ’37'), Naolihatti, nevanj)aHi 
(i6^(/: 77°25') and a few other jdaccs in Raichur dist., 
and at Nagnur in Gulbarga dist. 

Jn South Kanara dist., occurrences of buckled 
muscovite has been rc|)orted from Ulamagaru 
(i2°42': 75°i5'), Madnur (i2“38': 75® 16'), Sullia 
(12^^35': 75^25'), Araniod (12^32' : 75'’27'), Sampajc 
(i2°3t/: 75°33'), Kalanjia (i2°39' : 75"24'), Kuthkunja 
(i2°39' : 75"2(/), Komhar (12^46' : 75*^34') and Bilinile 
(12'’ 43' 175'" 33'). Detailed prosjiceting work has not 
been undertaken in these areas (Krishnan, Mem. 
geo/. Surv. India, 1951, 80 , 236). 

Orissa -In Mayurbhanj dist., IBooks of mica 
measuring more than 8 stj. inches in area, have been 
obtained from pegmatite veins exj)oscd along the 
Sankrai river near Jamgodia (22°6': 86^34'). Mica of 
smaller size occurs near Sirsa (22° 14' : 86^42'). Bangar- 
posi (22^09' : 86^^35'), Tiringdih (22*^31': 86° 8') and 
Raibcdi (22®27'3o" : 86°4'). 
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In Suiuiargarh (Usl., muscovite mica occurs in peg- 
matite veins near (ihoriajor, Tangannunda (between 
Bamra and Garpos) and Potalangar : tlie material is 
not of marketable (piality (Krislman, Mc7n. geo/. 
Surv. hidia, 1937, 71 , 179). 

In tlie former Jashj)ur stale, muscovite occurs in 
pegmalire veins near Kainkacbhar (22*" 4S' : 84"" 10'), 
Jampani (22^^48' ; 84® 13'), jiirwani (22*^48' : 84” 15'), 
Tliiiti Amba (22''48':84°i6'), Rengola (22'’48': 84*^7'), 
Jagmara (22^47' :84°8'). Dameragbat (22°47' : 86"6'), 
Keondpani (22°45' : 84" 12'), Teraloli (2 2° 44' : 84” 14'), 
Bartoli (22''42':84°9'), Jhargaon (22^42' : 84" 12') and 
east of Barnijortoli (22'' 43' : 84" 13') |l)ey, Rcc, }fc(jl. 
Surv, bulid, 1949, 78 (i), 35 ; 1937, 72 (i), 53], 

In Cuttack, Sambalj)ur, Ganjam and Koraput dis- 
tricts, mica has liecn mined intermittently in some 
areas. The deposits at Borriguma (i9''<)3'‘. 82''33') in 
Koraput (list, are of some importance (Economic 
CfCology of Orissa, 98-105 : Doy, Rcc. Surv. 

India, 1954, 80 , 525). 

In the former Dbenkanal state, deposits of mica 
occur near Soratnali (2o"^9':85'26'), Bbcrnia (20"’ 50': 
85*^25'), Cbandpur (20^49' : 85" 26') and Toradanali 
(2 i”o 6':85‘^24'), the deposits were worked during 
World War II. In the former Bamra state, mica-bear- 
ing pegmatites have been seen at Saplat (2i''3()': 
84”8'), Mundbianpali (21 ® 29' : 84^9') atid Sabajbabal 
(21 '28':8 i"i i') ; the material mined at Saplat is of 
good (|iiality, A mica belt roughly 18 miles lotig by 
3 miles broad, extends from the Dhenkanal-Talcher 
boundary of the former Talcher state and runs west- 
wards along the foot of the Banian range through 
Ciaham and Dtirgapur to C'hintamanipur and finally 
reaches Tikra on the tiorth-east of Ghantianali near 
the houndary of Talcher and Angul. 'I’he pegmatites 
at Bulajhar, nurgapur and Cbintainanipur are 
expected to yield mica of good (piality. Deposits of 
mica of inferior (piality have been reported from 
Athmalik, Rairakhol, Athgarh, Mindol, Tigiria, Pa! 
Labara and few other states which formed the formci 
Kastern Stales Agency |Dey, Rvc. Surv. India 
1954, 80 , 525; Muktinath, ibid., 1(954. 79 ( 2 ). 438; 
Crooksbank, hidian Miner., 1(947, I? 169]. 

P/////V//;--Mica has heen reported to occur at 
Mahanti and Bhimsi (28‘"2i' ; 77"7') in Gurgaon (list. 
In Kangra (list., books of brown mica, 5-6 in. across 
and 1-2 in. in thickness, occur in granite at Wangtu 
Bridge (31 "^32': 78^4') on the Sutlej river. In Kulu, 
mica plates of marketable size have been obtained in 
Chandra valley near Hamta Pass (32'’i6': 77''26') and 
in Parbati valley. 


In Mobindergarb (list., books of mica, up to (9 in. x 
6 in., have been obtained from Gatasber (27“58'; 
76 *6'), Saraili, Musmuta and Panebnauta (27° 5 ^'30"; 

). 

Rajasllnni — Rajasthan is the se(*ond largest mica 
producing State in India, next only to Bihar. The 
mica-hearing pegmatites follow gcnerallv N.NK- 
S.SW strike, over a distance ol c. 200 miles, stretch- 
ing from Jai|)ur in the north-east to Udaipur 
(iViewar) in the south-west. In the central region, the 
mica-hearing zone broadens around Kumlihalgarh 
and Bhilwara and extends further north-east to 
Ajmer, Kishangarh and Jaipur. 

The mineral occurs in coarse granitic pegtnatiies, 
differentiated into (piartz cores and felspatbic mica- 
bearing margins, as in the Bibar mica lield. 'I'he 
accessory minerals include tourmaline, apatite, garner 
and rarely radio-active and rare-earth miiterals and 
beryl. The pegmatites intrude into the surrounding 
rocks of the gneissic complex and into the Aravalli 
schists : the intrusives vary from a few feet in length 
and a few inches in width to whole ridges extending 
up to 500 yd. in length and 100 yd. in width. The 
region is relatively flat, but pegmatite outcrops arc 
often found above the level of the surrounding 
coutitry. 1 he mineral occtirs sporadically iti rich 
shoots, normally not more than 4 ft. thick, and much 
of the mica is Idack-spotted : about 40% of the total 
mi(‘a is of the ruby variety. A good part of the 
material from shallow workings is often stained, 
warped and cracked, but that won from depths is 
expected to be of good (piality (Goggin Brown & 
Dey, 543). 

Mica mines in Bhilwara (list, are located in or ttear 
the following places: Nath-ki-Neri (25^^23' : 74 ’ 1 7'). 
Timka (25-’ 1 8' : 74" 24'). Sedrias (25”25' : 74'^'47'), Bagor 
(25'^'2i': 74" 23'), ciiapri (25''2 r : 74'’2(/), Sareri 
(25"38' : 74'’26'). Guncili (25”2()' : 74” 28'). Banjari 
(25'’22' : 74 ’22'), Ghoras (25^23' : 74^^ 28'), Bemali 
(25''79 •74"9')* Jjimoli near jahazpur (25 : 75° 1 1'), 

Kocharia (25'T(/ : 74”3(/), Gokulpura (25^2(9' : 74'’ 33'), 
Amargarh (25"2 P : 74‘^2(9'). Asaoli (25'^ 20' ; 74” 1(9') 
and near Mabcndragarh fort (25" 16' : 74°24'). 'I’he 
mine near 'runka produces over 2 tons of mica |K‘r 
day and is worked by underground methods. Next in 
importance is the Gundli mine with an output of 
c. 1.^ tons of mica per day ; production in other mines 
v.iries from 0.22 to 0.55 tons per day (Sethi. 138 : Roy, 
Mem. geo!. Surv. India, 1(95(9, 86 , 251). 

In Udaipur (list., ruby mica is obtained at Champa 
(iudba, 3 miles north of Charbhuja Road railway 
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station, Dliolainatura (25® 14' : 74^01 Gulvva (25'' ii': 
7;^"oy) and Miari (25° 1 1' : 73"5o'). Other important 
mines in the district are Samhhupura (23" i T : 74"5'), 
Tarakhera (23^7' : 74 ‘’ 9 ')’ Bagpura (23° 10' : 74°5'), 
Kahri (23^ 10' : 75Y), Jharol (23^5' : 74^7') and 
Khemala (23"’ 19' : 74" 10'). Mining in several areas has 
been suspended at present due to influx of water and 
lack of adcMpiate machinery. 

In Jaipur (list., copper-stained black mica is obtain- 
ed from a mine situated near Banjari (26^27': 74''58') 
in Arain fehsil : another mine situated near Dadia 
(26'^25' : 74‘"58') yields ruby mica which is stained. 
Otlier important mines in the district are: Bhojpura 
(26° 28' : 75"3o'), Madhorajpura (26^53' : 75^38') and 
Karaiiwa-ka-Bas (26*^28' : 75^30') in Phagi tehsil. Mica 
pegmatites occur in areas around Arur (25'' 49': 
74"4(/). Hadla (25°46':75'’oi'), Barla (25°4cy :74"5i'). 
Borara (26° 1 2' : 75°o3'), Fatehgarh (26^08' : 75“o2'), 
linaniia (25'’47' : 74"46'). Khamor (25'’45': 74'’47'), 
Khirian (26°(3r/ : 74°54'), Kohara (26^07': 75” 15')* 
Nat rias (25^17' : 74°5oi Phulia (25^49' : 74°58i 
Sangria (25"5i': 74^52') and 'fajpura (26°o' : 75°()3') 
in Jaipur and Udaipur divisions. The pegmatites are 
traceable for over 100 ft. along the strike and show 
distinct ([uariz and felspar zones. The majority of 
them show a N.NlvS.SW trend. The mica is black- 
spotted, copper-stained or ruby-coloured. The pegma- 
tite vein at Badla is exposed for a length of c. 2(K) ft. 
in a roughly NlvSW direction and is being exploited 
at depths below 80 ft. : the output per day is c. 0.25 
tons I Sethi, 1^4 ; Kurien, Rrc. (^rol. Surv. India, 19^8, 

88(0. 133 1. 

In Tonk (list., mica-hearing pegmatites are found 
at Barla (25”52': 75^ 17'), Mankhand (26'^o(/ : 75'’ 16'), 
Sankarwara (25 '57': 75^-27'), Barchola (2 miles south- 
west of Sankarwara). Miron (26® 12': 75°33'), Dholi 
(3 miles east of Higgi railway station), Baroiii (26° 17': 
75®54') and Palri (3 miles south-east of Tonk city). 
Several mines vrere operating in this distric t up to the 
end of World War II, but due to a slump in the 
market many of them are now out of production 
(Sethi, 142). 

In Sikar (list., stained or green mica is obtained 
from mines located at Kachrada (27^45' : 75^5(9'), 
Makri (27''47' : 75”49') and Maonda (27^48' : 75'’5o') 
in Torawati tehsil. In Sirohi dist., mica of good 
(|uality and fair size occur near Rohira (24^37' : 73^01' 
30") and Sahcla (24^47' : 73^08') gcol. 

Surv. India, 1(959, 86 , 245). 

In Ajmer-Merwara, mica occurs near Shokla 
(26® 1 3' : 74°54'), Champaneri (25^58' : 74"54')» Baori 


(26® 1 2' 174^59'), Tihari (26® 24' : 74® 58'), Gadi (26®o5' 
74"24'), Dtidpura (26®o6' : 74"23'), Bisundni (25®44' 
75® 1 2'), Kekri (25^57' : 75® 10"), Lohagal (26®3o' 
74 ”,V 90 Chorasiawas (26^30' : 74°37'). Mica is 

being mined at Shokla, Champaneri, Gadi and 
several other places. The material obtained from 
Lohagal area is of good (piality \Rec. gcol. Surv. India, 
1(954, 85 (i), 78 ; Roy, Mem. gcol. Surv. India, 195(9, 
86 , 239]. 

Uttar Pradesh — In Mirzapur dist., books of ruby 
mica up to 4 in. X4 in. size occur in Dhurpa 
(24®(9': 83°2(/) area jMurthy, Rcc. gcol. Surv. 
India, icj53, 84 (i), 104; Mehta, ibid., 1953, 79 (i), 
326 |. 

West /^c/zg(// -Mi('a-hearing pegmatites occur at 
Shairhinda (22®45' : 86°4()'), Chakadoha (22®46' : 
86®39') and Dhenkia (22®47':86®37') in Midnapur 
dist. In Bankura dist., mica has been IcKatcd at 
Bankata (23®(Y ’ ^6^44'), Kharbani (23®(^(9' : 86^44'), 
Bansidihi (23®o7' : 86^53'), Kalpathar (2 3” 04' : 86® 52'), 
Tisra (23® 14': 87^0') and a number of other places, 
'riie material obtainable from these areas is generally 
stained and of small size |Dunn. Mem. gcol. Surv. 
India, 1(937. ^^( 0 * * 3 ^ • Hunday, Rcc. gcol. Surv. 
India, 1(954, 85 (i), 77 ; i(;54, 86(1), i2o|. 

Minin(; and Drkssinc; 

Mica deposits are worked either by open-cast 
surface working (ufyarclialla working) or by under- 
ground mining. 'Lhe i|uarries in open-cast working 
extend to a dejuh of c. 20 ft. : as the workings 
extend deeper, mining is carried out by under- 
ground methods using machinery for drilling and 
hoisting and for pumping water. In former times, 
underground working was seldom planned and mica 
was extracted wherever it was found. Improved 
methods are now followed and payable mica-hearing 
veins arc now being systematically opened up, 
developed and blocked to their limits along the 
strike and dip by vertical shafts, drives and winzes. 
The mineral reserves in different blocks are removed 
by overhead stoping until the mine is completely 
worked out (Dunn, Rcc. gcol. Surv. hidia, i(;42, 76 , 
Bull. Ucon. Miner., No. 10, 40). 

Much care is taken in drilling and blasting in 
order to avoid tbc damaging of books. In the larger 
mines, development work is done by machine 
drilling : hand drilling is adopted in stoping. The 
vein material is brought down with crow bars 
and crude mica books sent to cutting sheds for 
dressing. 
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rui. Hi, INILUlOli Of A MICA MINH, ANDHRA PRADESH 


I )iirinL>; 6 v> mines were reported to be in 

prodiielion : oT iliese about 450 were in I la/arii)a”;b 
(iVibar) (list, alone, d'lie bulk (e. 75'’..) of mica oiilpui 
from Bibar is obtained from imder^roiind mines 
nsln^^ meebankal appliances, "fbe a\erai>e depth 
real bed in mines is c. 250 ft. while in some, mica 
is nc'w e\tra(aed at depths of 700 ft. 'I’be majority 
of mines in the Nellore mica belt and Hajas- 
tban are worked by open-cast melbod ; the work- 
ings are limited in depth (Indian Minerals Year!)., 
1959. 2^,^). 

I)rcssin<r — Mica as obtained from mines is usually 
mixed witli |)eginaiite material. I^reliminary dressing 
(cobbing) of crude mica is done at mine sites and 
in trimming shops. 'I’he blocks are freed from dirt 
and waste as well as from defective material, such 
as ruled, buckled, wrinkled and wavy mica, and only 
sound mica is retained. Cobbed mica is then rilted 
or split up into sheets of 1/8, 1/16 or 1/32 in. thick- 
ness or less. Rifted sheets are trimmed by breaking 


olf defective material around c'dges. rrimmed mica, 
also known as sheet mica, is further split into 
thinner sheets (splittings) with sickles, sliears or 
knives. 

In Bihar, most of the dressing and splitting is done 
in centres in and around Kodarma, (jiridib and 
Ila/aribagb. I' Imrchalla ejuarry owners from other 
districts of Bihar, vsend their crude mica blocks to 
lhc*se cc-ntres for dressing; roughly trimmed blocks 
from Rajasthan are also sent to these centres. Yriin- 
ming is done by sickles : the shape of sickle-trimmed 
or Indian trimmed mica is irregular with bevelled 
edges. In /\ndhra lYadesh, mica is cut by means of 
shears ; shear-trimmed mica is roughly circidar in 
shape with (tit edges j)er|)endicular to the cleavage 
plane, rrimmed blocks are sorted according to 
(juality and si/e. During the sorting, blocks may he 
further rrimmed by knife to eliminate stained and 
flawed material and tlieii split into sheets : split 
sheets may he dressed further to improve the 
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FIG. HI. CUTTING MICA SHEETS 


(|iialiiy. 'J’hc amount of wastage in final trimming 
varies from 3 to 4"... 

Various mechanical devices have been patented 
for s|)Iitting mica. These devices are hardly used in 
practice and splitting is almost entirely ellected by 
hand witli the help of thin, shaip-pointed knives or 
shears. 

PaOPKH I IKS AM) IJSKS 

Micas are distinguished by their having a highly 
perfect c leavage, due to which they can he split into 
thin sheers and films. Different kinds of mica vary 
in colour from colourless and transparent, through 
various shades of yellow, green, red and brown, to 
hk'K k and opacjiie. i’he specific gravity of micas varies 
from 2.7 to 3.1 in different types. The hardness of 
musiovile and the softer |)hlogopite varies from 
2.0 to 2.5 and that of harder phlogopite and hiotite, 
from 2.5 to 3.0. Phlogopite is somewhat more flexible 
than muscovite, hut is not so elastic as the latter. 

In their o|)tical i haracteristics, the micas exhibit 
considerable variation. Ihe mean index of refrac- 
tion is 1.5S-1.60: hut the double refraction is very 
strong and negative in sign. The angle between the 
optic axes varies from 70-50' in muscovite to 10 o'" 
in hiotite and phlogopite. The plane of the optic- 
axes may he cither perpendicular or parallel to the 


plane of symmetry to the crystal : it is perpendicular 
in the case of mu.scovite and parallel in the case of 
phlogopite. 

Micas are had conductors of heat and electricity 
and many technical applications of mica are ha.sed 
on these properties. 'I'he dielectric strength varies 
from 3.3 to 8.5 Kv./mil. in muscovite and from 4.3 
to 5.9 Kv./mil. in phlogopite. Mica has a very high 
dielectric constant (K, 6. 5-8.5) and extremely low 
power factor or power loss (0.02 -0.04 V^). 

The water which is present in muscovite to the 
extent of 4-6' V. and somewhat less in other types, 
is expelled only at high temperatures. Muscovite 
starts to lose its water of crystalli/ation at about 550" 
while phlogopite begins to lose water only above 
850^ 

Under ordinary conditions, micas are unaffected 
by lire, water, acids nr alkalies. I he chemical com- 
position of mu.scovite from Bihar and Andhra is 
given in Table 2. 

Uses — More than 90'’,. of the world production of 
sheet mica is consumed by the electrical industry. 
Block and film mica are used in the manufaciure of 
commutators, armatures of dynamos, radio tid)es, 
television transmitters, transformers, spark plugs, 
conden.sers, etc. Block mica, mica splittings and huilt- 
u|) mica are used in ignition coils of motor cars and 
as insulators in domestic electrical appliances. Mica is 
also used as washers and discs for electrical and 
thermal insulation in mechanical and electrical 
appliances. 
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TABl.H 2-ANALYSKS ro OF MUSCOVITK FROM BIHAR AND ANDHRA* 



nihar 

Andhra (Ndlniv) 

SiO, 

45.57 

46.42 

AI,(), 


MkII 

Ki\(), 

0.95 

0.21 

IVO 

1.28 

1.6-t 

M^O 

0.58 

0.72 

C.'IO 

0.21 

1.28 

K,() 

S.Sl 

8.94 

N:i .0 

0.62 

0.72 

Li.O 

0.19 


11,0 

5.05 

5.24 

I’ 

0.19 

Fr. 

Folal 

99.97 

99.94 

Krisliii.in. Mcni. 

i^rot. Surv. Imtiu, 1951. 80 , 

221. 


'Fr. 'rr.'icTs. 


Plilogopilc is preferred to iniisrovire for use in 
heating elements, electric soldering irons, military 
searchlights and aircraft spark plugs. It is generally 
specified for the insulation of commutator segments 
het ause it wears as fast as copper and thus keeps the 
comtnutator surface smooth. Phlogopite cannot he 
used as condenser films on account of its high power 
factor (Dev, Rtr. geo/. Surv. India, 1954, 80 , 494 ; 
Kirk & Oihmer, IX, 72). 

Mica splittings are used in the manufacture of 
micanite or huilt-up mica hoard in which splittings, 
i--^ s(|. inches in area are cemented with shellac or 
oliier insulating cement. Micanite can he formed to 
any desired thickness and it can he cut into any 
desired shape. It is extensively used for electrical 
insulation. The consumption of mica splittings in 
the form of built-up mica is larger than the aggre- 
gate Ci^nsumption of all other unmamdactured mica, 
except scraj) mica. Powdered mita is employed in 
the preparatioti of glass bonded mica, or Mycalex, 
for use as insulation in electrical e(|uipmeni. 

On account of its transparency and resistance to 
fire and sudden cliatiges of tem|)erature and to 
breakage, mica lias been much emjdoyed lor 
witidows of stoves and latiterns, peep-holes of 
furnaces, and chimneys of lamps and gas-burners. 
Sheets of mica are used as a surface lor painting, as 
a |)rotection covering for pictures and documents, 
for vanes of anemometers and mirrors ol delicate 
physical instruments, and lor various optical and 
other ptirposes. Being a had conductor of hear, it is 


used for the packing aiul jacketing of boilers and 
steam |)ipes. 

finely ground mica is u.sed in the rooling trade 
as a hacking for rolled asphalt and shingles. I^)wder- 
ed tni(a is also used as fewmdry facing, in the manu- 
facture of paints and wall paper, as a lubricant and 
as a filler in pla'^tics and rubber formulations, 
firound mica is used also in oil well drilling (Coggin 
Brown & Dey, 539). 

Mica is processed into micanite and other pro- 
ducts by the India}! Mica and Micafiih’ Industries 
Ltd., Jhiimri-'IVlaiva (Bihar) : tin* Micaiiilc 
Mica Products Co. Ltd., Gudur (Andhra) : and the 
Hlinl^al Mifii}}^ Works, Bhilwara (Rajasthan). The 
jhuinri-lVlaiya plant produces c. 51 tonnes of mica- 
niie per year : its production capacity is, however, 
much higher (305 tt)nnes/vr.). 'I'he other factories 
are not producing micanite at |)resent. The factory 
at Gudur produces condenser films ol diflerent 
types and dry ground mica of various meshes : the 
ground mica is consumed principally by M/s 
Dunlop Rubber Comlnniw Tlie Bhilwara factory 
produces mica insulating refractory bricks frotn 
ground mica : the production ca|)acity of this 
factory is 60,000 bricks (c. 60 tons) per ttionth ; the 
prc.sent output is. however, only 20.000 bricks |)er 
month (Indian Minerals Yearh., 1959, 236). 

Qr.M.riT, Gkai)IN'(; and G.lassificaiion 

F(»r use in the electrical industry, mica slH)uld he 
free from flaws and cracks and should he in as large 
pieces as possible. Books of mica should he perfectly 
flat and easily spliltahle. The sheets should he free 
from waviness, caused by distortion of crystals, and 
cross-grains or jatalii (tangled laminations) : wavi- 
ness and cross-graining cause impeiiect cleavage 
which results in tears or breaks during s|)litting. The 
value of mica is apj)reciahly reduced by stains due 
to the intrusion of clay, earth or mud between the 
laminae or by the presence of iron, air bubbles and 
pinholes or pinpirs caused by the penetration ol 
minute crystals of garnet, ipiart/ or beryl. These 
defects affect the electrical insulating projterties of 
the mica sheets. Pinholes and some type of stains 
etc. are removed during dressing. 

Dressed mica is sold as Blot ks (tikri), '1 bins. 
Splittings (pUakri) and Condenser Films. 'The mini- 
mum thickness sjteciiied for Block mica is either 
0.20 mm. or o.iS mm. as agreed to between the 
buyer and the seller : a maximum tolerance of 5“.. 
(by wt.) of thinner blocks is permitted. Knile-dressed 


363 



MICA 


A coordinated system for the classificarion of 


lABiii 5 — mic:a gradrs according to sr/KS * 
Bihar Nollorc 


Crade 

Area 

Si/e No. 

Area 


(Mj. in.) 


(sc|. in.) 

Oxer Over I’Atra K\ira 




(OOKK) Special 

100 and oxer 

IX 

% 112 

Oxer Kxtra F.xtra (OFF) 




Spec ial 

S’O 100 

VIII 

SO ‘;6 

Fxtra I'xtra (FF) Special 

60 SO 

VII 

61 SO 

Fxtra (F) Spec ial 

4S 60 

VI 

4S 64 

Special 

.V) 4S 

V 

42 IS 

1 

24 .16 

IV 

16 42 

1 

15 24 

III 

S 16 

.1 

10 15 

II 

4 S 

4 

6 10 

I 

--4 

5 

.4 6 



5>. 

2.5 4 



6 

1 2.5 




0.75-1 




Bant'rirr, Ifulinn Miner., n>56, 10 , 12; Kov, Hnll. ift’o/. Surv. 
India, Svr. ,1, No. 11, MW), .VV 


mica, which is thinner than lilock mica is designated 
as 'rhins (iliickness, 0.05-0.18 mm.). Laminae split 
from l)locks and thins are called Splittings : the 
I hickness of 10 laminae taken together should not 
exceed 0.2S mm. Very thin laminae used in capaci- 
tors or ('ondensers are designated as Condenser Films 
(IS : Ii74- iyi;7). 

Block mica and thins are si/e-graded on the basis 
of maximum usable rectangular area and further 
classilied on the basis of (piality for shipment 
al>road. Blocks of small si/e and of poor (|uality are 
converted into splittings. 

Ib'ised on (jualily, mica is classified according to 
clearness, hardness, flatness, colour, air inclusions, 
stains, etc. Si/e-grading for processed mica is based 
on the tnaximinn usable rectangular area that may 
be cut from each piece and not on the total area of 
the picre. The standard grades of Bihar and Nellore 
mica are given in Table 3. Table 4 gives the classi- 
fication of Bihar mica acrording to cpiality. Indian 
Standards for the grading and classification of 
mu.scovite mica based on si/e are given in Table 5. 

T hough the grading of block mica according to 
size is more or le.ss standardized in producing 
centres, the procedures for classifying mica accorcl- 
ing to cpiality vary somewhat not only between 
centres but also bet^veen individual producing firms. 


muscovite mica according to visual cpiality has been 
developed. The system recognizes 16 categories, 
namely. Ruby Clear, Ruby Clear and Slightly 
Stained, Ruhy Fair Stained, Ruby (h)od Stainecl, 
Ruby Staitied A Quality, Ruby AQ, Ruby Staincxl 
B Quality, Ruhy BQ, Ruby Heavy Stained, Ruby 
Densely Stained, Black Dotted, Black Spoiled, Black 
Stained, (ireen/ Brown 1 ^'irst Quality, Green/ Brown 

TAIilH 4— Cl ASSiriCATION OF lUHAR MICA ACCORDING TO 
QUAI.ITY ♦ 

(^)u;ilily (ai.injclrristic s 

Su|)nTiiic' ll.'ird and optically Hal ; iniisi contain no 

stain or Haw t)!' any description 

(dear sli"l)tly Hard, suhstantiallv Mat ami free frt)m 

St.-lined ( racks ; larj^esl reclanj»le obtainable 

ninst be free from miiural inclusions 
and stains, but mav contain small ait- 
stains within a small part of the 
rectangle 

Fair stained Hard and free from crticks, btu mav be 

sliii[lillv wavy ; larj;esl rt‘(-tan 3 L;lc obiaiti- 
able mav (ontain some small air stains 
and, within a small |)art of the area, 
may contain small lij^ht stains 

flood stained Hard and free from cracks; mav be 

waxy but not buckled; mav (ontain 
air stains throii^diout. and li.eht stains 
& heaxier stains t)xcr .1 small |)art of 
jirea 

Stained l•■airly hard ; may be xxavy and sli.t;htlv. 

bui not badiv, buckled ; should be free 
from ( lac ks ; mav contain stains and 
small mineral inclusions on ed.ucs and 
heaxier stains oxer a small part id the 
area 

Heavily stained May be slightly buckled ; may (ontaiu 

heaxy stains and mineral inclusions 
oxer ;i jtarr of the area 

Densely stained M.iv be |)arrly biick'ed ; mav contain 

' dense stains and scattered mineral 

inclusions 

Sllxer stained X’ As for stained, but air stains may be of 

xvbite such a perxading character as to ini 

part a silvery or xvbite appearaiue to 
whole surface 

Dotted As for good stained, but with isolati'd 

b!a( k (lots throughout 

Deiiselv stained As for densely stained, but with lieavy 

fV spotted spots and mineral inclusions 

Black spotted Hard and Hat, with spots and streaks and 

mineral inclusions throughout ; spots 
and streaks not to be generally red 

Red spotted As for black sfKilted, but m.-ijority of spots 

and streaks are red 

* Iyer, Prm\ Indian Sci. Confer., I9.S2, pt II, 124. 
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TABI E 5~STANDARD GRADING FOR MllSC-OVIIfc: BLOCKS. THINS AND MLMS+ 


Clmile nr Number 
(old system) 

Si/ef 

(present system) 

Area of usable 
rectangle 
(sq. cm.) 

Minimum dimension 
of one side «d' usable 
• rei l<'mj.;le 

(uu.) 



Permissible strip 
tolerance 


OOKK Speei.'il 

630 

645.2 and above 

10.2 



nil 


OKK Special 

500 

516.1 64.S.2 

10.2 



nil 


r.r. Sj)e(i;il 

400 

3S7.1 516.1 

10.2 



nil 


r. Special 

315 

300.7 3S7.1 

10.2 



nil 


Spec i. 'll 

250 

2U.3 .M)0.7 

s.o 



nil 


1 

160 

I54.S 232.3 

7.6 

5", 

. ul' 

pieces h.axint; width down 

to 5.1 cm 

2 

too 

06.S I54.S 

5.1 

5", 

. of 

pieces b.'nin;; width (h)wn 

to .LS tin. 


63 

64.5 06. S 

5.1 

5". 

. of 

pieces luixin^ width flow 11 

to 3.S cm. 

4 

40 

3S.7 64.5 

3.S 

5", 

. «»r 

pieces haxin^ width down 

to 2.5 c III. 

5 

20 

10.4 .^S.7 

2.5 



nil 


.S.5 

16 

14.5 10.4 

2.2 



nil 


6 

06 

6.4 14.5 

1.0 



nil 


7 

05 

4.S 6.4 

1.6 



nil 



♦IS: 1175 l‘LS7. 

t'riiis svsifiii sli(»iil(l Ih* mnsidcml as a first slop Icnvarfls a uiiil’uil classification ol ail forms of mica b.asc'd on a scries of preferred 
numbers (IS: H>70 1^57). 


Sccuiul Qiialiiy. and GrccMi/Rmwn Stained or BQ- 
11)e rccinircincnts of each of these caiej^ories have 
been specilied. A set of Master Standard Samples of 
c‘a('h of the i6 categories has been prepared and kept 
at the (geological Survey of India ((>. 8 . 1 .), C^alciitta, 
for comparison. Copies of the master standard are 
supplied by (/.S.I. on re(|uesi. 

A mica grading a|)|)aratiis is being developed by 
the Central Class aiicl Ceramics Research Institute, 
Calcutta, for testing and evaluating the electrical 
(jualities of block mica. By the use of this instru- 
menl, it will he possible to classify mica rajiidly on 
the basis of electrical properties and tluis evaluate 
the suitahilitv for electrical industries of even spotted 
or stained mica, which would have been otherwise 
rejected on the basis of convent icmal methods of 
visual inspection. 

Makkkiint; 

Over of the tnica mined in India is lost as 
scrap during the piocess of rifling into sheets : a 
further loss of 45-60'V, occurs while shaping sheets 
into various com|)onents. 'rims S5 90% of mined 
mica is wasted during the various stages of proces- 
sing : wastage in other mica-producing countries is 
reported to he even higher ; it is 9o-<;5% in U.S.A., 
95% in Brazil, 95-98% in Canada and 9f)-97‘o itt 


l'"ast Africa (Roy. /. ^ci. Club, Culculia, 19^8 
12 , 65). 

Mica is marketed as block, condenser l;lms, chilhis, 
splittings and scraj). Block mica, sorted aciording to 
size and (piality, is packed for export j>;ir|)oses in 
wooden boxes weighing 125, 112 or u)o Ih. net: 
superior fpialities and large sizes are shipped in 
50 11). l)oxes. 

Laminae removed during the dressing or redres 
sing of large blocks are sold :is chilbin or cleanings. 
Large sized chilbis are suilal)le for the production of 
loose s|)lit tings. 

Split rings are wrapped in paper and packed in 
2-5 11). packets : splittings packixl in this manner are 
known as hook-packed splittings. 'They are exported 
in boxes weighing 150, 125, 112, too or 50 Ih. net. 
According to IS: ii74-ic;57. the minimum number 
of splittings in a hook shall he not less than 4 and 
all such hooks sliall contaiti only sound splittings. 
Pan-|)acked splittings are also produced occasionally : 
layers of s|)littings are s|)read in a tin dish, 7 in. 
diam. X 2 in. depth, until a compressed thickness of 
1/ 16 in. is attained. Kach group of films is separated 
by a circle of paper, to facilitate handling by hand- 
made micanite hoard manufacturers. Pan-packed 
splittings are not much in demand, as manufac- 
turers lind dilliculty in separating individual films. 
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Splii lings of heicrogcncoiis s1ki|)cs arc parked loosely 
in boxes, with or wifhout dusting. 

Mira from Bihar and Kajastlian is marketed from 
Kodarma arid Giridili, mainly in the form of mixed 
rut and assorted block. The split ling industry in 
Bihar is rhielly rontrolled by a few large firms, e.g. 
Clnrslicn Mica Industries Ltd., Domrhanrh (l)isT. 
I la/arihagh) : Chatturam Horilrani, Jhumri-Telaiya 
(Hist. Ila/arihagh), and the India Mica Suplyly Co., 
(jiridih. These and a few other firms make mica 
washers and condenser plates. Nellore mica is 
exported from Madras by the South India Export 
Co. and by Chambers & Co. (C'oggin Brown & 
545)- 

Prodixition AM) Tradk 

Table 6 gives the production of crude mita and 
dressed mica in recent years. State-wise break-up 
figures of crude mica and dressed mica are given in 
Tables 7 and S. 


TABLE ft-PHODlJCTlON OF CRUDE AND DRESSED MICA 



(Q*y 

in ewt. ; val. in 

thousand Ks.) 




Oiidt? 

Drcs.scd 



' Qty 

Val.' 

Qiy 


1 950 

n.a. 

n.a. 

l.W)8.S 

19,014 

1951 

n.a. 

n.a. 

194,976 

29,441 

1952 

n.a. 

n.a. 

151,288 

20.696 

1 955 

n.a. 

n.a. 

1 28, .505 

16,962 

19.54 

n.a. 

n.a. 

104,477 

1.5,849 

1 955 

465,014 

29,570 

109.825 

18..^05 

1956 

560.685 

21, .^20 

118,095 

22,050 

1957 

609,082 

25,154 

106,519 

19,665 

1958 

628,745 

25,.^01 

126,190 

26,092 

1959 

567,808 

24,576 

118,000 

24,941 

19601 

570,900 

24,571 

112,770 

n.a. 


ii.a. not available. 
tPr()\ isional. 


TABLE 7— .STATE-WISE PRODUCITON OF CRUDE MICA ^ 

(Qly in cwt. ; val. in thousand Ks.) 

1957 l‘>58 1959 1960t 



Qty 

Val. 

Qty 

Val. 

Qty 

Val. 

Qtv 

Val. 

Aufthru Prattvsh 

Nellore 

10.^,976 

2,111 

102,517 

2.077 

11.5,2.56 

2,825 

157,256a 

5,757“ 

tUtuir 

Cay a 

47,059 

1,152 

46,257 

2,120 

24,251 

1,251 

28.858' 

l,466t 

Ila/ariba^h 

287,762 

15.4.59 

555.750 

1.5.574 

289,985 

15,080 

249,280 

15,551 

Monj^hyr 

10,961 

254 

12,086 

55 1 

7.562 

518 

8,012 

460 

Total 

545,762 

14,8.55 

594,095 

18,048 

521,-598 

16.849 

286.150 

1.5,451 

Mm Iff IS 

Nilgiris 

10,844 

.504 

.5,157 

145 

5.484 

188 

2,444 

150 

nujiistUnu 

A liner 

15,5.50 

606 

15,668 

625 

7,775 

267 

7,676 

270 

l^hilwara 

1 28,594 

5,114 

107,517 

4,265 

1 10.11 2 

5,982 

122,948 

4,516 

Jaipur 

146 

6 

1.519 

52 

4,055 

157 

7,066 

254 

1 'd.'ii|nir 

2,787 

111 

925 

57 

1,8.50 

59 

1,654 

58 

Tonk 

160 

6 



1,065 

56 

4.014'’ 

146*’ 

T otal 

147.057 

5,845 

1 25.229 

4,977 

124,81.5 

4,575 

I45,.5.^8 

5,244 

Others 

1,465 

41 

1,949 

54 

2,705 

55 

1,712 

29 

CiK.wn 'I'oi \i. 

609,082 

2.5,1.54 

628.745 

25,501 

.567,808 

24.476 

570,900 

24..57I 

* Minrrtil Protha tinn 

in India, 

rndian Bureau 

of Mines, 1957 ; 

Provisional 

Ksiiinate of 

Mineral PriHliution in India 

19.59, I960 


t Provisional. 

IiK'liides 9H ewi. (val. Ks. .t.OOO) froni V'ishaka{}atnani dist. 
^Includes i.ObO cwt. (val. Rs. 115,000) iron? Bliagal|>iir ilisl. 
Imindes IIS cwl. (val. Ks. 5,000) I’roni Sikar disi. 
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TABI-K 8— STATK-WISF PRODUCTION OF DRESSED MICA ♦ 
(Qty ill fwt. ; \al. in iliousiiiul Rs.) 





1957 








Sickle dressed 
blocks 


Chill.is 

1958 



1 959 


Andhra rradcsh 

yiy 

Val. 

Qiy 

... ^ 

Val.' 

niv 

Val.' 

Qiy 


Val. 

Nt'llorc 1 

10,850 

2,540 

5,470 

122 

14,920 

4,181 

16.()72 


4,675 

Hihar 










Clay a 

3.559 

441 

120 

.1 

.1,288 

579 

2,006 


417 

1 la/arii>agh 

46.496 

8.402 

2,616 

61 

74,188 

15,075 

49,780 


9,689 

Mnn^hyr 

2,679 

554 

84 

2 

1,024 

180 

846 


1 75 

Tnial 

52,514 

9,197 

2,820 

66 

78,.SOO 

15,854 

52,6.12 


I0.2SI 

K train 










Qiiilnii 

42t 

7 

16 


78 

12 

688 


52 

Matlras 










Nilgiris 

620 

2t)9 

657 


4.52 

87 

5.14 


120 

Rajas than 










A jllUT 

2,799 

552 

640 

11 

4.092 

1,015 

2,520 


549 

Hhilwara 

29,487 

6,649 

1,716 

III 

27,794 

6,877 

45,582 


8,856 

Jaipur 

51 

7 

1 




984 


228 

l/daipiir 

612 

158 

21 

I 

554 

88 

512 


120 

'foiik 

57 

7 

ri 




276 


60 

I'ntal 

52.966 

7, .‘’55 

2,584 

159 

52,240 

7.978 

47,674 


9,815 

(vKANl) 'Toiai, %,992 

19,286 

9,527 

585 

126,190 

26,092 

1 18,000 


24,941 

* Mineral Production in India, Indian Uiimiii ol* Mini's, I‘).S7, 
t IiK'liidi's 1 cwt. from IC’ilai*hat (Madhya l*radi*sh). 

anncMires, l.> ; 

Indian .Minerals Y 

e.irb., 1959, 

257. 




TABLE 9 -EXPORTS OF BI.OC.TC. SPI.IITINGS AND WASTE MICA FROM INDIA 
((,)ly in cA\t. ; val. in thousand Rs.) 





block 


Splittinji;s 

Waste, etc. 

X 



Total 

. 



' (;iy 

Val. 

' (,)ty 

Val. ' 

t — 

gty 

Val.' 

(,)ty 


— 

Val. 

vm A^) 

I2,1.H 

8,565 

:iKi,i74 

.51), 285 

1 27,949 

724 

.140,2S7 


.S9.574 

i‘>4'v .so 

8.827 

9.S25 

207.524 

.58.405 

8I..17.'> 

5.1.1 

297,726 


68,458 

lO.SO 51 

21,248 

18,922 

248,440 

80,525 

157,017 

799 

406,705 


100,046 

lO.SI 52 

52,778 

45.958 

2.S0.505 

87,154 

144, -85 

981 

407,666 


152,094 

1052 55 

27.882 

40,591 

101,252 

48.607 

1 54,968 

918 

284.102 


90,117 

1955 54 

54,065 

42,948 

106,260 

56,.n88 

114,41.1 

654 

257,7.18 


79.970 

IV54 .V. 

55.500 

56.805 

108,204 

29,281 

229,. 00 

1,155 

572,804 


67,259 

1955 56 

105.120 

47.640 

148,878 

.14,760 

265.50.1 

1,512 

519,501 


85,712 

1956 (April IX-c.) 

58.591 

56,185 

97.151 

28,670 

1.55,149 

852 

288,691 


65,685 

1957 

59,580 

56,546 

148.255 

46,976 

252,857 

5,112 

440,472 


86,654 

1958 

46.826 

44,792 

127, .>68 

47,015 

• 2I4..100 

1,648 

588.494 


95.455 

ly.sy 

56.507 

52,565 

142,757 

47,978 

261,105 

2,607 

460,169 


105,148 

I960 61 

44,972.4 

41,291 

102,(W2.7 

57.926 

252,996.5 

2,525 

.S60,06I.4 


10I,.S40 
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rhc output of dressed mica given in official publi- 
cations is lower than actual exports of Idocks and 
s|)litrings due to the fact that small producers do 
not send returns of their output of (Iressed mica. 
Kxpori figures give a truer index of actual 
|)roduction. 

riie |)reseiit consumption of mica in India is 
estimated at lo.ooo Ih. per annum. 'I’he major 
portion is used in ilie manufacture of mica insulat- 
ing l)ricks : consumption as ground mica and 
micanile comes next. With the development of 
eledrical industries, the consumption of mica sheets 
and huilt-up micanite is expected to increase 
suhsiantiallv. 

Ivxjyorls I'ahle 9 gives the exports of block, split- 
tings and scrap mica from 1948 to 1960-61. Kxpculs 
of dilferent categories of mica during 1958, 1959, 
and 1960 61 are given in Table 10. 

I he Indian mica industry is facing serious (om- 
petition from Bra/il and other mica-producing 
touniries. The (Joxernmem of India have recently 
set up an Kxport Promotion ("ouncil to increase and 
promote the exports of mica, mica manufactures 
aud hy-j)roducts of the mica industry. The (’louncil 


has set up an in.spectoiate to examine the (piality of 
mica hefore shipment on the basis of samples sent 
to it hy hiiyers. 'I’he principal importers of Indian 
mica during 1959 were: U.S.A., U.K., Japan, 

(Germany, U.S.S.R., Italy and France ; their offtakes 
were respectively, 33, 15, 13, 12, 7, 3 and 3% of the 
total exjM)rts. The halance of 14/0 was imported by 
other Kuropean countries. A cess at the rate of 
(id valorvvi is levied on exported mica, and the 
money so reali/ed is utili/ed for lahour welfare. 

Iniporl - A small amount of uncut and unmanu- 
factured mica, sometimes also ground mica is 
imported into India, "fable 1 1 gives imports from 
1948 to i960 61. Imports of mica products during 
'957* '95^* '9.S9 ‘tnd i960 61 were valued at 

Rs. 1 0^,333, Rs. 79,785, Ks. 56,020 and Rs. 51,940 
respectively. 

Prices — "fhe |)ri(es for different rpialities and sizes 
of mica vary considerably. Block mica of clear 
(juality, especially from l>ihar, fetches higher prices 
than other ([ualities produced in India and else- 
where. "fahle 12 gives the prices of various grades of 
block mica, splittings and loose mica f.o.b. C'alcutta 
during 1956 60. 


TABI F 11 )— nXPOK I.S 01 niM-ERENT CATEGORIti.S OI- MICA FROM 1^58 TO 
((,)fy ill cut. ; v;il. in Us.) 

I‘»58 1959 19M) 61 


Block mica 

\)ty 

V^. 

Qiy 

Val.' 

(,)iv 

Val? 

Hi hat 







SiipciTiiic 

122 

122 

58 

45 

99.) 

98 

Clear 

102 

622 

15S 

868 

158.0 

575 

Fair ^lainc(l 

599 

1.790 

652 

2,060 

574.9 

822 

(it)O(l .stained 

2,475 

5,190 

2,560 

4,728 

2,828.1 

7,555 

Si.'iiiu'd 

24,5S5 

21,875 

27,542 

25,140 

20,415.5 

17,771 

IIc.'iw stained 

4,259 

5.752 

5,208 

5,162 

1,258.0 

\,Mn 

l.dutr than heavy 
stained 

.M27 

1,625 

2,059 

1,012 

2,624.2 

l,.M7 

Andlna (Madras) 







Knliy 

2,766 

2,766 

2,105 

2,464 

1,675.9 

1,277 

Creeii 

926 

1,555 

2.006 

1,865 

1,794.7 

1,999 

Spnlted 

5,SS9 

2,558 

4,994 

2,799 

5,615.5 

2,314 

/ r(/i i/m ore 







lMil();;o|)ilc 

18 

5 

28 

9 

26.8 

9 

(Hln rs (not elseulicre 
speeified) 

5,9 s8 

5,154 

9,559 

6,411 

10,127.5 

6,156 

Total 

46,826 

44,792 

56,507 

52,565 

44,972.4 

41.291 
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TABI.K 10- -t onUL 

C^ty 

lO.SS 

Val. 

Splittings 

liihar 

Book fortii 

16,146 

16,565 

Pan Packed 

522 

652 

Dusted Loose 

28,979 

12,028 

1 .oose 

54,686 

8,247 

Andhra (Madras) 

Book form 

5,552 

5,101 

Dusted Loose 

0,121 

5,605 

1 iOose 

9,225 

1,268 

Travanenre 

Phlogopilc 

840 

551 

Others (not elsewhere 
specitied) 

4,510 

1,218 

Total 

1 27,568 

47,015 

Ground Scrap, Waste, etc. 

Bihar Cfroiind strap 
and waste 

150,215 

785 

Bihar mica wrappers 
uncut, etc. 

72 

54 

Madras waste scrap 

74,585 

504 

'rravancore mica, other 


rh.'in blocks and 
splittings 



Cfroiind mica not 
specified 

5 

neg. 

Other mil a uneiit, 
unmamifai lured 

420 

527 

Total 

2H,.«)0 

1,648 

(hc\M) Tot\i. 

588,494 

95,455 

neg.- negligible 

TABI.K It— IMPORTS OF 

UNMANUFACTURED MICA 

(Qty in cwi. ; \al. in 

Rs.) 


Qiy 

Val. 

I04S P) 

5,840 

12,85,798 

PHO 50 

1,022 

7,.S8,018 

P>50 51 

5,155 

54,26,700 

1051 52 

1,629 

5,69,125 

1052 55 

579 

1,66,405 

1055 54 

60S 

6,55,410 

1054 55 

1,227 

5,66,551 

1055 50 

5,156 

5,72,9.10 

1050 (April Dec.) 

100 

85.265 

1057 

1,960 

2.99,084 

1958 

257 

16,454 

1959 

5 

501 

I960 /)! 

272 

18,769 


1959 196(1 61 

— 


Qxy 

Val. 

Qty 

Val. 

I7,.»6I 

16,855 

10,707.2 

20,404 

157 

1.26 

5.0 

0 

16,054 

0,600 

25,057.8 

0,622 

71,481 

8,011 

75,824.7 

14,199 

5,675 

5,226 

7,570.5 

5.544 

7,686 

2,840 

1 1 ,005.7 

4,007 

10,110 

1,412 

18,010.0 

2,451 

452 

I.SO 

757.4 

240 

15,81-1 

8,112 

1.600.8 

1,011 

142,757 

47,078 

102,007.7 

57,026 

172,678 

007 

101,181.5 

1.212 

7 

16 

2.0 

27 

86,982 

.102 

100,451.5 

725 

no 

55 



1 

neg. 

1,000.5 

0 

1,521 

1,177 

.155.2 

555 

201.105 

2,607 

552,906.5 

2.525 

400,100 

105,148 

.SOO.001.4 

101,540 


TABLE 12— PRICES OF DIFFERENT QUAI ITIES 
DURING 
(Ks. per lb.) 

19.56 1057 1058 

OF MICA 

1050 

1060 

lUni k inii (I 

(Hear A slightlv 

stained 

No. 

1 

06.00 

100.00 

1 1 2.58 

117.16 

112.95 

do. 

No. 

5 

51.00 

52.12 

.50.58 

52..10 

52.18 

Fairly stained 

No. 

1 

55.00 

79.45 

80.02 

84.25 

85.65 

fin. 

No. 

5 

54.50 

44.54 

44.25 

44.00 

44.45 

Stained 

No. 

1 

54.00 

57.45 

55.55 

54.00 

54.64 

do. 

Nfi. 

5 

1 2.00 

14.67 

12.87 

1.1.40 

15.64 

Mica split 1 in f^s 

Book form 

No. 

4 

12.10 

1 2.00 

12.25 

15.25 

l.‘1.15 

do. 

No. 

.5 

10.00 

0.50 

0.25 

10.1.1 

12..S4 

do. 

No. 

0 

4.10 

4.09 

4.15 

5.82 

4.64 

Dusted l«>ose 

No. 

6 

1.85 

1..10 

1.26 

1.50 

1.52 

Mica {loose) 

1st ({iiality 



1.25 

1.05 

0.05 

0.98 

1.03 

2nd cpiality 



0.90 

0.75 

0.75 

0.75 

0.66 
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Mice — see Rats and Other Rodents 

MICHELIA I jnii. (Ma^nolwcaw) 

A genus of irces and slinibs disirihutcd in South- 
Kasr Asia and C'hina. About 14 species arc found in 
India. Many of ibein yield timbers resembling 
Clanary Wood of America in appearance and general 
si nu t lire. Some arc ornaiiienial. 

M. cathcartii Hook. f. & — Alcimafidra 

calhvartii (Hook. f. & Thoms.) Dandy 

D.IC.P.. V, 241 : M Br. Tnd., I. 42 : King. Ann. R. 
hul. Gdn Calcutta, iSyi, 3, 214, I’l. 60. 

Nkpai. — Kala champ, tile champ ; Lkpciia — Atok- 
tlun^, i^nkdtim ; Khasi — Dicng-rai. 

/\n evergreen tree, up to 24 m. in luaght and 2.5 m. 
in girth, with a bole up to 9 m. long, found in eastern 
Himalayas and Assam hills at altitudes of 1,500- 
2, 1 CO m. Bark dark grey or brown : leaves oblong- 
lanceolate or lanceolate, sub-coriaceous ; flowers 
mostly terminal, white ; fruit cylindrical, 7.5-12.5 cm. 
long: ripe carpels sidvorbicular, compressed. 

Tlie wood of M. cathcartii is moderately hard, 
light (wi., 55 Ib./cu. ft.) and easy to work. It is not 
very durable ; graveyard tests indicate a natural 
durability of 2-5 years. The data for the comparative 
suitability of the limber, exj)re.ssed as percentages 
of the same properties of teak, are: wt., 75 ; strength 
as a beam, 65 : stiffness as a beam, 90 ; suitability as 
a post, 75 : shock-resisting ability, 75 : retention of 
shape, 65 ; shear, c;5 : ami hardness, 55. The timber 
is suitable for planking, tea boxes and indoor work. 
It has also been found suitable for aircraft construc- 
tion |Clowan & C\)wan, 9 ; Purushotham cl al.y 
Indian P'or., k;55, 79 , 49; Limaye, Indian For. Rcc., 
i\.S., Ctil., 1944, 3(5), 20: Bor, 45; Limaye, Indian 
For. Lca/J., No. 17, 1942]. 


M. champaca Linn. Ciiampak 

D.K.P., V, 241 : FI. Br. Ind., T, 42 ; King, Ann. R. 
hot. Gdn Calcutta, 1S91, 3, 216, PI. 64. 

Hindi Bkm;. — Champa, champaca; Mak.-- 
Pivala-champa, aona-champa, kud-champa ; C/Uj. — 
(diampo, rac-champo, pito-champo ; 'Pel. Champa- 
kamu ; T \M.- She mhuga, chamhujram ; Kan. — 
Sainpifre, kola-sa7npi<'e ; Mae. Champakam ; Oriya 
Chompa, chompoko, kanchana. 

Ne]»ai, — Oidiachamp : A.s.sam — Titasopa, hol- 

nabalf shap. 

T RADE — Cha m pak . 

A tall, evergreen tree, usually up to 50 m. in height 
and 3.5 m. in girth, with a dean cylindrical bole up 



MG. lib. MICIIFI.IA C:HAMPAC:a— FLOWERING AND FRUITING 
BRANCH 


to 20 m. long, found in eastern Himalayas, north- 
east India and western ghats. It is cultivated 
throughout India in gardens and near temples for 
its fragrant flowers and handsome foliage. Bark grey 
or brownish ; leaves ovale to lanceolate, coriaceous ; 
flowers usually axillary, solitary, ydlow or orange, 
fragrant : fruit 5-10 cm. long: ripe carpels ovoid or 
ellipsoid, woody : seeds brown, angular, with pink 
fleshy aril. 

'I’he tree thrives best in a damp climate and 
rcj:|uires deep moist soil. It is a moderate light 
demandcr and is sensitive to frost. Natural regenera- 
tion is usually plentiful around mother trees. The 
tree llowcrs in hot and rainy weather and seeds late 
in August, which is too late for direct sowing, and 
seeds have low viability. Artificial reproduction is, 
therefore, accomplished hy .sowing fresh seeds in 
the nursery and transplanting 12-15 nionths old 
.seedlings. Root and shoot cuttings may also be 
iLsed ; stump planting lias been successful in 
some places. The tree coppices well. The rate of 
growth is fast, the mean annual girth increment 
being c. i inch (Troup, I, 8 ; FAO For. Developm. 
Pap., Rome, No. ii, 1957. 144; Indian For., 
1952, 78 , 358 ; Kaclambi & Dabral, ibid., i955» 
81 , 129). 
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The wood is yellowish to olive brown, somewhat 
lustrous, smooth, straight-grained, medium-textured, 
soft and light (sp. gr., c\ 0.53 ; wt., 31-34 Ib./cu. ft.). 
The best results in seasoning are obtained by gird- 
ling standing trees for two and half years, followed 
by conversion and seasoning in the plank or 
scantling for six months. Kiln-seasoning also 
gives satisfactory results, though the timber be- 
comes dull during the process (Pearson & Brown, I, 
•77 ' 9 )- 

The timber is not very durable, although there 
are records of its having lasted well in the ground 
and in water ; graveyard tests indicate an average 
life of 5 years or less. The heartwood is refractory 
to treatment, side and end penetration of preserva- 
tives being practically nil. The timber is easy to saw, 
works to a smooth surface and takes a good polish. 
The data for its comparative suitability as timber, 
expressed as percentages of the same properties of 
teak, are: wt., 70; strength as a beam, 70; stiffness 
as a beam, 75 ; suitability as a post, 70 ; shock- 
resisting ability, 75 ; retention of shape, 90 ; shear. 
85; and hardness, 65 | Pearson & Brown, I, 19; IS: 
399, 1952, 32 ; Limaye, Indian For, Rcc,, N.S,, Util., 

■ 944 . 3(5), 2 o|. 

'riic wood is used for posts, boards, veneers, 
furniture, decorative fittings, carving and carriage 
atid ship building. It is also used for l)ent-wood ribs, 
general joinery work, bobbins, drums, toys and 
beads. It is suitable for making pencils, particularly 
after impregnating the slats with paraffin wax. It is 
suitable for aircraft construction, battery separators 
and tea chest plywood. It is classed among good fuel 
woods; calorific value: sapwood — 5,042 cal., 9.076 
B.t.u. : heartwood — 5,093 cal., 9,168 B.t.u. (Pearson 
& Brown, I, 19 ; Gamble, 12 : Dastur, Useful Plants, 
150 ; Rehman & Askari, Indian For., 1956, 82 , 314 : 
Rehman & Jai Kishen, il)id., 1951, 77 , 699 : Limaye, 
Indian For. Lcafi., No. 17, 1942 : Rehman & Tshatj, 
Indian For. Bull., N.S., No. 124, 1944; Indian Iwr., 
1952, 78 , 276 ; Krishna & Ramaswami, Indian For. 
Bull., N.S., No. 79, 1932, 20). 

M. champaca is cultivated on a small scale in Re- 
union Island and Madagascar for the production of 
Champa Oil or Champaca Oil, highly esteemed in 
perfumery. It is obtained from the flowers in the 
form of a concrete, by extraction with petroleum 
ether ; the perfume may also be extracted by en- 
fleurage. Steam-distillation gives poor yields and the 
oil obtained is reported to be inferior as it gets poly- 
merized. The yield of concrete, by the extraction of 


flowers with petroleum ether is reported to vary from 
0.16 to o.2o;v) in Reunion Island and from 0.13 to 
0.15% in Madagascar; the concrete gives c. 50% 
absolute. The characteristics of the volatile oil pre- 
pared from the concrete by co-distillation with glycol 
arc: sp. gr.*’\ 0.946 ; n^^\ 1.4895 ; acid val., 6.2 ; ester 
val., 70.1 ; and carbonyl val., 42.3 (cold method), 65 
(hot method) |Guenther, V, 379-81 ; Krishna & 
Badhwar, /. sci. industr. Res., 1947, 6(2), suppl., 15 : 
Gupta ct al., S\7np. Res. Dcveloptn. essefit. Oil Ind. 
India, Oil Technol. Ass. India, 1954, 28]. 

Cham|)ac flowers are employed in India in the 
preparation of attars and perfumed hair oils. Champa 
oil has been produced on an experimental scale ; 
extraction of flowers with benzene gave 0.26% con- 
crete (m.p. 29° ; congealing pt., 28" ; acid val., 29.1 : 
and sap. val., 177.2) which on steam-distillation yield- 
ed 26.3 Vo of a volatile oil. The oil obtained by water- 
distillation (yield, 0.064-0.067 V<.) of flowers had the 
following physico-chemical properties (two samples): 
sp. gr.^«', 0.9930, 0.9614 ; |al„, I 7.2^^ ; 1.4959* 

1.4925: acid val., 6.22, 4.17; sap. val., 77.23, 69.02: 
ester val., 71.01, 64.84; ester val. after acetylation, 
120.8, 129.8 ; sol. in i vol. of 90 ‘X, alcohol, becoming 
turbid with more. The oil does not resinify on frac- 
tionation ; it contains cineole, i.so-eugenol, ben/al- 
dehyde, phenyl ethyl alcohol and methyl anthrani- 
latc (I)hingra, 28-29). 

Champa oil has a delightful velvety odour closely 
approximating to that of the flower and recalling the 
fragrance of tea, orange blossoms and ylang ylang. 
It constitutes one of the most excpiisire raw materials 
for perfumery, being used in some of the finest 
French creations. Genuine concrete is produced in 
very small (piantities and commercial champa per- 
fumes are mostly synthetic (Guenther, V, 381 ; 
Poucher, T, 112). 

1"he leaves on distillation yield 0.04 Vo of a volatile 
oil with an odour reminiscent of basil (from Oeinium 
hasilicum Linn.). It is reported to be produced in 
Java on a commercial scale : it has the following 
characteristics: sp. gr., 0.922 : |ol^, 4- *2.5° : acid val., 

l. 9 : sap. val., 15.2 ; and sap. val. after acetylation, 
63.5 (Poucher, I, 112 ; Parry, I, 511). 

The seeds contain 32.2 Vo of a fat, a resin and resin 
acids. The fat has the following characteristics: 

m. p. 44-45° ; sp. gr.^*', 0.903 ; acid val., 52.6 ; sap. val., 
196 -99; * and iod. val., 60.3. The component fatty 
acids arc: palmitic, 30 ; and oleic, 70V0. The seed fat 
is used in medicine | Wchmer, I, 336 : Krishna et al., 
Indian For. Rcc., N.S., Chem., 1936, l(i), 39]. 
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The fniirs are reported to he eaten. The hark con- 
tains alkaloids (0.3?,,) and tannins ; it is chewed with 
hetel and also used as an adulterant of cinnamon. 
The flowers yield a yellow dye used for dyeing 
textiles. A variety of silkworm is sometimes reared 
on the tree {Rej). sci. adv. Bd, Indian Conn. med. Res., 
1950, 325 : Neal, 308 ; Trotter, 1940. 280). 

The hark of champac tree is considered stimulant, 
diuretic and febrifuge ; dried root and root hark are 
purgative and emmenagogue. The juice of the leaves 
is used in colic. I'lowers and fruits are stimulant, anti- 
spasmodic, stomat'hic: and diuretic and arc consider- 
ed useful in dyspepsia, fever and in renal diseases. 
'J’he flower oil is used as an application in cephalalgia, 
ophthalmia, gout and rheumatism. Fruits and seeds 
are considered useful for healing cracks in feet 
(('hopra, 1958, 514 : Burkill, II, 1465 ; Quisumhing, 
<> 5 )- 

M. doltsopa Buell. -I lam. ex DC. syn. A/, rxcrisa 
Bill me : A/, manilmroisia Watt ex Brandis 

D.K.P., V, 243 ; FI. Br, Ind., 1 . 43 : King, Ann, R, 
hot. Gdn C(dcutta, 1891, 3 , 215, PI. 63. 

Nkpal Bara champ, safed cha^np ; Lkpciia — 
S/gz/gnp, pcnderc ; Kiwsi Dicng-rai. 

A deciduous tree up to 36 m. in height and 4.5 m. 
in girth, with a .straight clean hole up to 15 m. long, 
found in central and eastern I limalayas and Khasi 
hills up to an altitude of 2,400 m. : it is reported to be 
cultivated in Darjeeling and Ootacarnund. Bark grey 
or brownish, corky outside ; leaves oblong, oblong- 
lanceolate or ovate-elliptic ; flowers mostly axillary, 
white, fragrant ; fruit 12.5 20.0 cm. long: ripe 
carpels obliijuely ovoid, beaked ; seed oily with red 
aril. 

The tree grows on hill sides or ridges and prefers 
deep loamy soils ; it also grows on moderately clayey 
soil, but had drainage and excessive soil moisture 
produce stunted growth. The tree is a light demander 
and is frost-hardy. It coppices well up to a fair .size 
(Troup, I, 5). 

Natural reproduction is plentiful and is sometimes 
obtained by opening the canopy in the vicinity of 
seed-bearers. Artificial reproduction is carried out by 
transplanting 3 4 year old (2-3 ft. high), nursery- 
raised seedlings. Seeds have a low viability and are 
sown soon after the ripening of fruits in November. 
Transplanting is carried out in the rainy season and 
a .sj)acing of 10 ft. x 10 ft. is considered sufficient. 
Fencing against deer and weeding twice a year for the 
fit St three years are considered necessary. The mean 



Dehra Dun. Photo : S. S. Ghosh 

FIG. 137. MICHEI.IA DOIXSOPA-TRANSVEP.SE SECTION OF WOOD 
(X 10) 

annual girth increment is reported to he 0.7 in. 
(Troup, I, 6). 

The wood is similar to champac but has a finer 
texture ; it is straight-grained, soft and light (sp. gr., 
c. 0.56 ; wt., 32 Ib./cu.ft.). The timber seasons well 
and is reported to be durable under cover ; grave- 
yard tests indicated a natural durability of only 2 
years or less. The heartwood is refractory to treat- 
ment, side and end penetration of preservatives being 
practically nil. The timber is easy to saw and work 
to a smooth glossy surface : it shows a beautiful 
straight grain. The data for the comparative suit- 
ability of the timber, expressed as percentages of the 
.same properties of teak, are: wt., 75; .strength as a 
beam, 75 ; stiffness as a beam, 90 : suitability as a 
post, 80 ; shock-resisting ability, 75 ; retention of 
.shape, 65: .shear, 65 ; and hardness, 60 [Pearson & 
Brown, 1, 15-16 ; Limaye, Indian For. Rec., N. S., 
Util., 1944* 3(5), 20 ; Piirushotham ct al., Indian For.. 
' 953 . 79 , 49l. 

The wood is used for door and window frames, 
ceiling boards, furniture, planking, rafters and tea 
boxes. It is considered suitable for aircraft construc- 
tion, bobbins, jute mill rollers and disks and 
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for second grade pencils. The hark contains 6';', 
tannin [Pearson & Brown, I, i6 ; Rehinan & Ishaq, 
Indian For, Leaf!., No. 66, 1945 ; Rehman, Itidian 
For, Bull,, N, S., No. 122, 1943 : Limaye, Indian For. 
Lcafl., No. 17, 1942 : Kd wards ct al„ Indian For, 
Rcc,y N.S,, Chem. Minor For, Prod,, 1952, 1 (2), 

•53 1- 

M. montana Blutne 

FI. Assam, T, 25; King, Ann. R. hot. Cdn 
Calcutta, 1891, 3, 218. PI. 68. 

A ss AM — Pa n .so pa. 

An evergreen tree found in eastern Himalayas and 
hills of Assam. Bark grey with horizontal wrinkles ; 
leaves ovate, elliptic or ol)ovatc, coriaceous ; flowers 
axillary or terminal, white, fragrant ; ripe carpels 
ohovoid, woody ; scc<ls 3-5, reddish brown. 

The tree can he propagated hy transplanting 
nursery-raised seedlings during the first rainy season 
at a distance of 8 ft. x 8 ft. ; transplanting during 
winter has also proved successful (Macalpine. Tocklai 
rxp. Sta. Mnnor,, No. 24, 1952, 162). 

The wood is light (wt., 32 Ih./cu. ft.) and durable : 
graveyard tests indicate a natural durability of 10-15 
yeans. 'I'he data for the comparative suitability of 
the timber, expressed as percentage of the same 
properties of teak, are: wt.. 75 : strength as a beam. 
70 ; stiffness as a beam. 75 : suitability as a post, 70 ; 
shock-resisting ability. 75 : retention of shape, 80 ; 
shear, 85; and hardness. 65 jPurushotham ct al., 
Indian For., 1953, 79 , 49: Limaye, Indian For. Rcc., 

N. S., Util., 1944, 3(5), 22]. 

The wood is suitable for house ])uilding, bridges 
and furniture. 'I'he hark is aromatic and used as a 
l)itter tonic in fevers [Biirkill, II, 1967: Krishna & 
Badhwar, /. .sci. industr. Res., 1947. 6(2), suppl., 15 : 
Kirt. & Basil, 1, 59]. 

M. nilagirica Zenker 

D.E.P., V, 244 : FI. Br. Ind., I. 44 ; King, Ann. R. 
hot. Gdn Calcutta, 1891. 3, 216, PI. 65. 

Tam. — Shcnihuga, kattu slianihagatn : Kan. — Bilh 
.sa m page, doddasanipagc. 

A tree or a shrub found in rlie Nilgiris, Anaimalai 
and Palni hills at altitudes of i,5oo-i,8o<^ m. Leaves 
elliptic or ohovale-lanceolate : flowers axillary, white 
or creamish : fruit 7 5-10 cm. long: ripe carpels 
warty ; seeds red. 

The wood is moderately hard and heavy (sp. gr., 
c. 0.64; wt., 41. Ih./cu. ft.). It is said to season well 
and is durable. It can he sawn without difliculry and 
works to a shiny smooth surface. It is used for doors 


and windows, beams, rafters and panels ; it is suitable 
for furniture. It is reported to be used also for 
railway sleepers (Pearson <S: Brown, I, 19-20 : 
Lewis, 4). 

The hark and leaves of the tree are considered 
febrifuge. The bark contains a volatile oil, acrid 
resins, tannin and a bitter principle. 'Phe flowers 
yield a volatile oil similar to the bark oil (Gamble, 
13 ; Wehmer, I, 336). 

M. oblonga Wall, ex Hook. f. Thoms. 

D.E.P., V, 244: FI. Br. Ind., I, 43: King, Ann. 
R. hot. Gdn Calcutta, 1891, 3, 217, PI. 67. 

Assam — Phul-sopa, hor-s(tpa, kothal-sopa ; Kiiasi 
— Dieng-ta roi ; C>\no—(djanihiscrsang, hciva- 
cfihamphc. 

A lofty tree, up to 45 m. in height and 4.2 m. in 
girth, with a bole 24 m. long, generally buttressed at 
the base, found in Assam. Bark grey, rough and 
warty, aromatic : leaves ohianceolale or ovale, thinly 
coriaceous ; flowers axillary, whitish, .scarcely 
.scented ; fruit 15.0 17.5 cm. long: ripe carpels lax, 
ohovoid. 

'Phe tree can be propagated by transplanting 
nursery-rai.sed seedlings : winter transplanting has 
given almost kh)*;,, survivals (Kadamhi & I)abral, 
Indian For., 1955, 81 , 129). 

The wood is greyish white, fine-grained and light. 
It is reported to sea.son well without war|)ing or .splitt- 
ing. The data for its comparative suitability as timber, 
expressed as percentages of the .same properties of 
teak, arc: wt., 65 : strength as a beam, 50 : stiffness 
as a beam, 60; suitability as a post. 50: shock- 
resisting ability, 65 ; retention of sliape, 80 : sliear, 
70 : and hardness. 45. "Phe wood is u.sed for planking, 
rough furniture, cabinet work and canoes : it is used 
for lea chests. It is also considered suitable for 
aircraft construction [Gamble, 13 ; FI. Assam, I, 25 : 
Limaye, Indian For. Rcc.. N.S., Util., 1944, 3(5), 22 ; 
Indian For, LcafL, No. 17, 1942 1. 

M. haillonii Finet & Gagiiep. svn. Talaunta plicllo- 
car pa King : T. spongocarpa King (A.s.sam -Tita- 
sopa, khorika-sopa ; KMM.\)< —Karo-phang: (L\kc) — 
Bohniring) is an evergreen tree, up to 30 m. in height 
and 2.4 m. in girth, with aromatic hark, found in 
A.s.sam and Kha.si hills up to an altitude of 1.200 m. 
It can be artificially propagated by means of entire 
transplants (Kadamhi & Dahral, Indian Far., i(;55, 
81 , 129). 

The wood (wt., 43 Ib./cu.ft.) is moderately refrac- 
tory to air-seasoning and takes a good j^olisli. It is 
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used for planking, doors and windows, furniture, 
panels, packing cases, turnery articles and toys (IS: 
399. 1952, 13, 16, 17 ; Gamble, 8 : FI. Assam, 1, 19). 

A/, //go (I^)ur.) Spreng. syn. M. fuscata Blume ; 
Magnolia fuscata Andr. is a handsome evergreen 
shrub or a small tree with elliptic-lanceolate or oblong 
leaves and brownish yellow fragrant flowers, often 
cultivated for ornament. In China, the flowers arc 
used in perfumery and for scenting tea. On extrac- 
tion with petroleum ether, they yield 0.17% of a 
dark brown concrete from which a dark brown 
volatile oil (0.06%) and a pale yellow wax (0.11%) 
have been prepared. The wood is used in Java for 
kris-handles and sheaths (Burkill, II, 1466: Bor, 43; 
Corner, I, 434 ; Yeh, Pcrfuui. csscul. Oil Rcc,, 1958, 
49 , 69). 

'J'he leaves contain 1.5 2.0% of total alkaloids, of 
which magnoline (C;„.H,„0,..N.^, m.p. 178-79®) and 
magnolamine (hydroxy magnoline, C.„.II,„0;N.>, m.p. 
117 19®), belonging to the ])isben/yl /5o-(|uinolinc 
group, have been identilied. Magnoline exerts 
hypotensive effects and also possesses anticholines- 
terase activity. Magnolamine acts as cardiac depres- 
sant (Henry, 354-55 ; Chem, Ahstr., 1959, 53, 5505). 

A/, kisopa Buch.-Ham. cx DC. (Ki'maov Oaruri, 
kaiijira ; Nepal — Cliobst) is a tree, up to 37 m. in 
height and 3 m. in girth, found in the Himalayas 
from Kumaon to Sikkim at altitudes of 1,500-2,100 
m. ; it is reported to be cultivated in Shillong. It bears 
pale yellow flowers which arc delightfully scented. 
I’he wood is yellowish and is used for light construc- 
tion, planking, door frames, etc. |Gamble, lo-ii; 
M. A.s.sam, I, 23 ; Krishna Ik Badhwar, /. sci. induslr. 
lies., 1947. 6(2). SU))|)I., 15]. 

M. Ifiiiuf'inosd Wall. (Nepai. — Goffn-champ ; 
[jVvc.wa Phil sre, giiay-champ ; Kmasi — Dicn^-lali) 
is a tree, up to 27 m. in height and 2 m. in girth, 
found in temperate Himalayas from Nepal to Bhutan 
and Khasi hills at altitudes of i,5fX)-2,ioo m. It is a 
fast growing species and has been recommended for 
cultivation in tea estates for timber and fuel. The 
wood is greyish white and light (wt., 27-36 Ib./cu. 
ft.); it is suitable for planking and for making 
charcoal (Gamble, 1 1 ; FI. Assam, I, 22 : Macalpine, 
Tocklai rxp. Sla. ATcmor., No. 24. 1952, 144). 

A/, pinidiiaua Hook. f. & Thoms. (Khasi — Dicug- 
soh-fiiar) is a mediiim-si/ed to tall tree found in 
eastern Himalayas and Khasi hills at altitudes of 
900-1,800 m. I'hc wood is dull grey and light (wt., 
c. 37 Ib./cu. ft.). It is not liable to warp and split 
and is considered suitable for planking and furniture. 


The inner bark is aromatic (FI. Assam, I, 24 ; Kri.shna 
& Badhwar, loc. cit.). 

Microcos — sec Grewia 

MICROGLOSSA DC. (Compositac) 

A small genus of shrubs and shrubby climbers 
distributed in warmer parts of Africa and Asia. Three 
species occur in India. 

M. pyrifolia (Latn.) Kunt/e syn. A/, vnluhilis DC. 
FI. Br. Ind., Ill, 257. 

A large scandent shrub found in Manipur and 
the Khasi, Jaintia, Naga, Aka and Ahor hills. Leaves 
ovate-lanceolate or ovate-elliptic, entire or distantly 
serrate ; flower heads small, corymbose, white or 
yellow. 

A/, pyrifolia is much valued medicinally in tropi- 
cal West Africa. It is given as an enema to cure fever 
in infants. A juice of roots is used as a specific for 
cataract. The powdered root is taken as a snuff to 
relieve colds. A tea-like infusion of the odorous 
leaves is taken for fever with headache : it is 
diaphoretic when taken as a lotion or fumigation 
or inhaled. A decoction of leaves is used as a specific 
for yellow fever and dropsy, and in the treatment of 
hlackwater fever. A juice of the warmed leaves is 
a|)plied in sore eyes and also used as a remedy for 
ringworm of the scalp (Dal/ic'l, 419). 

MICROMELUM Bluine (Rutaccac) 

A small genus of trees or shrubs distribute.d from 
India to Australia, New Caledonia and western 
Polynesia. Four species occ iir in India. 

*M. pubescens Blume : Hook. f. (FI. Br. Ind.) in |)art 
FI. Br. Ind., I, 501 : Swingle in Webber Batchelor, 
1. 143. 149. 

A shrub or small tree found in Andaman Islands. 
Leaves imparipinnate, large: leaflets ovale to broad 
lanceolate : flowers greenish-white, in many-flowered 
cymes : fruit a small, ovoid or oblong, yellow l>erry. 

The plant is used medicinally in Malaya and 
Indone.sia. It is recommended for |)hthisis and chest 
troubles. The root is chewed with betel for coughs. 
The boiled roots are applied as a poultice for ague. 
Ix'aves give positive tests with alkaloidal reagents 
[/. sci. Res. Indonesia, 1952, 1 (suppl.), 6 : Burkill, II, 
1469: Webb, Bull. sci. industr. Res. Org. Aust., No. 
268, 1952, 86 1. 

* Many aiilliors consiclrr A/. Imbcscens niumc a .synonym of 
A/. minuUtm (Forst. f.) Scfni. Swingli* (Webber & Ral<heK»r, I, 
14.^, 149), however, regards iheiti as distinet, 
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The wood is light and durai)lc and is used for 
making house (Burkill, 11, 1469). 

A/, hirsutum Oliver is a low shrub found in 
Andaman Islands. Leaves of the plant, pounded with 
tamarind and salt, are applied to the skin to remove 
pain and irritation caused by the sting of caterpillar 
(Hurkill, II, 1468). 

A/, intc^errirnum (Uuch.-Ilam.) Roem. syn. AI. 
Imhcsccfis Hook. f. (Kl. Rr. Ind.) in pan, non Rlume, 
a species closely related to A/, luiitutum, is found in 
Nepal, Sikkim, Bihar, Orissa, northern Bengal, 
Assam, Khasi, Aka and Lushai hills, N. Circars and 
the Andaman Islands. The hark of the root, stem 
and branches of this plant is used in the treatment 
of tubercular cases (Biswas, 42). 

MICROMERIA Benth. [Lahidiac) 

A large genus of perennial herbs or undcrshriihs 
distributed in both the hemispheres. Three species 
occur in India. 

M. biflora Benth. Indian Wild Thyme 

D.K.P., V, 244: Kl. Br. Ind., IV, 650; Mukerjee, 
Rcc. hoi, Surv. India, 1940, I 4 (i), 96: Kyson, 11 , PI. 
411. 

Mundaiu Ole hudu ha. 

A dwarf lierh, usually 5 10 cm. high, rarely up 
to 30 cm. high, found in tropical and temperate 
Himalayas from Kashmir to Bhutan and in Punjah 
(Ourdas|)ur), Bihar, N. Circars, western ghats and 
hills of S. India ascending up to 2,100 m. Leaves 
sessile or suh-sessile, ovale or oblong, suIku ute : 
Mowers pink or blue in axillary cymes. 

A/, hi/hra is an aromatic herb reported to he used 
by Miindas as an ajiplication for wiuin-infested 
wounds of cattle. Kotir physiological types of the 
sj)ccies canildiorata, citrala, nienlhata and lndc\fala 
— have been recently reported. The volatile oil 
contents of the types vary from 0.41",, in citrata to 
i.2i'n in men I ha la. All these oils are dextrorotatory. 
'Khe principal constituent in one is camphor: it is 
cilral in another, and d-menthone and pulegone in 
the other two (Bressers, 1 19 ; (diem. Ahslr., 1952. 46 , 
* » 585 )- 

A/, ealnlellala Benth. (Bombay- K^/reV// ; Sanial 
Bum pudina ; Mundaki Piri lajauni ha) is an erect 
slender herb, 30-60 cm. high, found in Kumaon, 
upper Gangetic plain, Bihar. Orissa, N. Circars, 
Deccan, western ghats and Nilgiris ascending up to 
1,800 m. The plant is aromatic and carminative : it 


is considered to he a good substitute for Menllia 
piperila l.inn. (Kirt. 6 ^ Basu, 111 , 1992). 

MICROSTEGIUM Nees ex Lindl. ((>ramineae) 

A genus of annual or perennial grasses found in 
the hills and plains of India, and extending to 
Burma. Ahoul 5 species are recorded from India. 

M. ciliatum A. Camus syn. Pollinia ciliala Trin. ; 
P. monanliia Nees ex Sieud. ; A/, monanllium A. 
Camus 

D.K.P., Ill, 437 : Kl. Br. Ind., VII, 116: Kl. Assam, 
V, 327 : Bor, Indian For. Ree., N.S., Bol., 1941. 2 , 
151. PI. 37. 

Assam -Kharika, sau. 

An annual or perennial straggling grass with l ulms 
up to 120 cm. long, found in tropical and suh-tro|)ical 
Himalavas, from Kumaon and Carhwal eastward to 

j 

Assam and Khasi hills and southward in the hills 
of Orissa. Madras and Kerala. The grass grows in 
moist hill not waterlogged soils. It is often 
gregarious and covers large areas in forests under 
partial shade. It is commonly found as a thick 
undergrowth in sal (Shorea rohusla Gaertn.) forests 
espi-cially in the hliahar tract of Assam, where the 
soil and subsoil consist of an immense depth of 
water-worn debris. The grass iloes not dry up or 
burn like other gras.ses and a fire does little damage 
to it (Bor, Kew Bull., 1952, 2(x;). 

'Pbe grass serves as a fodder, but is coarse and not 
much relished by cattle. It is eaten by wild animals 
in Assam and also used by wood-cut ters and ranchers 
for feeding cattle. Analysis of grass cut at the prime 
stage gave the following values (dry basis): crude 
protein. 6.04: ether extr., 1.80: N-free extr., 44.95; 
crude fibre, 37 50: ash. 9.71: calcium, 0.32: and 
|)bospborus, 0.1 2'\,: r//gc.s 7 / 7 ;/ 7 //v eo-elJieienls (av.); 
crude protein. 44 : ether extr., 51 : crude fibre, 52 ; 
and N-free extr., 57".. ; starch ecjuiv., 11.8 lb./ kk) lb. 
of green grass. Keeding trials on adult bullocks 
showed that the grass, at the prime stage, provided 
a maintenance ration when fed as a single feed ; 
calcium and phosphorus balances were positive. 
Roughage consumption was, however, low' (Tala- 
patra, Indian ]. vei. Sci., 1950, 20 , 241). 

A/, vaifans (Nees ex Steud.) A. Camus (syn. 
Pollinia, vafrans Nees ex Steud. : P. ^rata Hack. : A/. 
^ralum A. Camus), a perennial grass. 90-150 cm. high, 
with stout stems, se.ssile, linear leaves and densely 
fascicled spikes is found in Nepal, Sikkim, Himalayas 
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and Khasi aiul Mishini liills up to a height of 
1,500 in. Ft is considered to he a satislaetory fodder in 
NIalaya. M. }iu(lum (Trin.) A. C^annis (syn. Polluiin 
I'rin.) is a slender grass with lanceolate leaves 
and slender spikes found in tein|K‘rate Himalayas 
from Kashmir eastwards to Sikkim, at altitudes ol 
i,5(M)- :.5oo m., and in Khasi hills (Assam) and Palni 
hills (Madras). It is used as fodder (Bor, Kew Bull,, 
1952, 2oy ; Burkill, If, 1786). 

MICROTOENA l^rain [Lubititac) 

A small genus of perennial herhs distrihuted in 
India, Java and Clhina. Two species occur in India. 

M. insuavis (I lanc e) Prain e\ Dunn syn. A/, cymosu 
Plain ; IHcclranlhus iKitcliouli C!.B. Cllarke. 

D.K.P., VI(i), 50S: C.P., (^04: Kl. Br. Inch, IV, 
^^>24 : .Mukerjee, Rcc. hoi. Surv. hidui, 1940, I 4 (i), 

An erect herh, 40-100 c in. high, found in Tripura, 
Assam, Manipur and Khasi and Naga hills. 1 . eaves 
long petioled. hroadlv ovate, acute, crenate-dentate ; 
llowers yellow, in lax cymes : nutlets elliptic. 

A/, ifisuuvis, known as patchouli of Assam or 
Khasia. stnells strongly of patchouli ohlrdned fn.>tn 
Poirosicuiou sp. atid tnay prove to be of commercial 
importance. It is said to he used to adulterate 
Potj(fslrniofi hrxnrunus Benih. (Bond)ay Patchouli) 
(l)ummond. Pvrjutu. csscut. Oil Rcc., 1960, 51 , 484). 

MIKANIA Willd. {Cowlmsituc) 

A large genus of scandeni herhs or shruhs distri- 
huied in tropical America. Africa and Asia. One 
spec ies occurs in India. 

M. cordata (Bunn.) B. L. Kohinson syn. A/, scuu- 
(Inis Hook. f. (Kl. Br. Ind.). non Willd. 

Kl. Br. Ind.. Ill, 244 ; Koster, Blinmu, ic;54 -55. 
1 . 504. 

/\ herbaceous climber found as .1 weed in West 
Beng.'il, eastern Assam, Aka hills aticl probably S. 
India. Leaves deltoid ovale, cordate-ovate, entire cji* 
more or less coarsely crenate or undulate ; heads 
lour-llowered in com|)ouncl corymbs ; corolla dirty 
white or white : ac henes linear-ohlong with reddish 
pa|)pus. 

A/, cordala is a noxinus weed in lea gardens, sal 
and other timber forests and waste lands in West 
Bengal and Assam. It is reported to he an alternative 
host to the tea mc)sc|uito (Uclopcltis ihcivora 
Walerh.). Kradication of the weed by uprooting and 
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burning is ex|)ensive. Weed killers, like 2, 4 1 ) 
(hVrnoxone, Chloroxone, etc.) arc elTcctive in con- 
trolling the weed, hut their use in tea grow'ing airas 
is not recommended as they cause damage to tea. 
Weed killers, like .sodium ar.senite and sodium 
chlorate, also cannot he used in tc'a areas. Khey can 
he applied only in waste lands and houndary areas, 
for controlling the wcocl and preventing its s|)rcad 
|Macalpine, Tivo A Bud, 1(^59, 6(1), 6 ; Chaudhuri, 
hidutu For., ic;59, 85 , 5^2]. 

Because of its vigorous growth. A/, cordaiu has 
hc'en tric'd, in Malaya, for smothering w'ceds in 
young coconut plantations : it is considered useful 
for. preventing soil erosion. Stems and leaves are 
relished by cattle, especially when fodder is scarce. 
.^\nalysis of green material (from Malaya) gave the 
following values: moisture, c/).9 ; protein, i.^ ; fat, 
0.5: carbohydrates, 4.1 ; fibre, 2.1 : ash, i.i ; calcium 
(ClaO), 0.12 ; and phe^sphorus (IVI.)' 0.08% : 

digestible nutrinits: protein, i.i ; fat, 0.2; carbo- 
hydrates, 3.3; and fibre, 1.2%; nutritive ratio, 4.5; 
starch ecpiiv., 5.9 Ih./ioo Ih. It is a rich source 
of vitamins A and Cl ; it contains also vitamin B. 
Leaves are u.sed in .some parts of Africa as a .sou|) 
vegetable. They are used in Malaya for itches and 
in java and S. Africa, for poulticing wounds (Burkill, 
IF, 1470 : Dalziel, 419 ; Jl PubL imp, agric. Bur., 
No. IC3, i<;47, 122 ; Teik, Sci. Scr. Dap- Agric., 
Malay//, No. 24, 1951, 69, 77, 83). 
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MILIUM I ^inn. {Gramineat^ 

D.E.P., Ill, 436 ; FI. Br. Tnd., VII. 235. 

A small genus of annual or perennial grasses 
found in the north temperate regions of the world. 
One species occurs in India. 

A/, effusum Linn. (Millkt Grass) is a slender 
|)ereiinial grass found in the mesophyiic forests of 
western Himalayas from Kashmir to Kumaon at 
1,800-3,300 m. Stems erect, tufted, 60- 80 cm. high ; 
leaves minutely scaherulous or smooth, 15 30 cm. 
long X 0.4- 1.2 cm. broad: panicles 12.525.0 cm. 
long, with droo|)ing branches. 

The gra.ss is occasionally cultivated for ornament ; 
it is relished by cattle. The seeds provide food for 
game birds. Analysis of grass (from Kashmir) gave 
the following values (dry basis): protein. 17.82: 
ether extr., 2.95 ; carbohydrates. 37.43 : crude fibre, 
29.33 : mineral matter. 10.97 : calcium (as CaO), 
i.oS : and phosphorus (as P.^.,), 0.41%. The plant 
contains coumarin (Bailey, 1947, 11 , 2050 : Hubbard, 
251 : Chopra cl al., Indian J. a^ric. Sci., 1956, 26, 
415 : Wehmer, 1 , 80). 

MILIUSA I A‘sch. (/I nnonacvac) 

A genus of trees or shrubs distributed from Soutli- 
Kast A.sia to Australia. About a do/en species are 
found in India. 

M. tomentosa (Koxb.) J. Sinclair syn. Saccopctalum 
tonicntosnni Hook. f. ^ 'riioms. 

D.F.P., VI (2), 381 : C.P.. 95: in. Br. Ind., 1 . 88: 
King, Ann. R. hot. Gdn Calculla. 1893, 4, 159, 
PI. 207. 

Hindi — Kari, kiriia ; Mar. tV (ii'j. — Hooni, 

htnnha ; 'rm.. — Chdkadudn : Tam. — Pcrlnvay ; Kan. 
-Ilcssarr, wumb ; Okiya — Patniossu, jrandliapalsa. 
A moderate-si/ed to large deciduous tree found 
from the sub-IIimalayan tracts of U.P. and Nepal 
Terai southwards throughout the greater part of 
India. Bark brown, fissured : leaves ovate-oblong, 
membranous, faintly aromatic : flowers in few- 
flowered cymes : fruit purple or black, consisting of 
sub-globose, succulent car[)els. 

rhe tree occurs occasionally in association with 
sal. It ('oppices well. The wood is olive-yellow to 
brown, without distinct heart wood, smooth, close- 
grained, moderately hard and heavy (wt., 40 Ib./cu. 
It.) : it presents a well-marked silver grain in the 
radial section. It is fairly durable : graveyard tests 
indicate a durability of 2-5 years. It takes a smooth 
surface from the tool. The wood is u.sed mostly for 
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building huts and cattle sheds. It is suirahle for 
cabinet work, carving, slack cooperage, bobbins, 
picker arms, sbuttles and billiard cues. It is a good 
fuel wood (calorific value of sapzcood - 5,578 cal., 
10,040 B.t.u.). Destructive distillation of wood gave 
the following products (dry basis): charcoal, 36.1 : 
total distillate, 41.1 : pyroligneous :icid (dry), 32.7 ; 
acid (as airtic), 4.22: esters. 3.40: acetone, 2.12: 
methanol. 1.08 : tar. 8,3 : and pitch & losses, 5.4“/. : 
and gas (at N.r.P.), 1.74 cii. ft. /lb. (Troup, I, 9: 
Ciamble. 22: Howard, 521 : Purushorham cl al., 
Indian For., 1955, * 'rrotti*r, 1944, 19S. 207, 

218. 224, 225; Krishna eV Ramaswami. Inditui For. 
BtdL, N.S., No. 79, 1932, 23 : Kedare iS: 'reiidolkar, 
J. sci. indnstr. Res.. 1953, 12B, 217). 

The fruit is said to be eaten in some parts of 
Bombay. The leaves are often lopped for fodder. 
Tlie tree yields a pale yellow gum, known ;is karcc 
gum, used as a suiistiiuie for iragacanth (Howes, 
1949, 78). 

M. velutina Hook. f. tV Thoms. 

D.E.P.. 245 : FI. Br. Ind., 1, 87 : King, Ann. R. 

br)t. Gdn Calcnlla, 1893, 4, 158, PI. 206. 

Hindi Dom-sal. kari, j^idar rnkli : 'Tki.. — Pedda- 
chilka dndutra, nalla duduifa : Mai.. Kana kaitfia, 
I'ilnni ; ()kiy .\ — Gandha palas. 
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Bihar — Omc ; Gako — Ihn satupliol. 

A small to medium-sized deciduous tree found in 
the sub-llimalayan tract and outer Himalayas from 
Jamuna eastwards, up to an altitude of 900 m., and 
in north-east and Central India, eastern coast of 
Dcccan Peninsula and Travancore. Bark dark 
greyish hrown, rough ; leaves ovate-elliptic or 
ohlong, loriaceous, aromatic : flowers in cymes, 
greenish yellow ; fruit purple or hlack, consisting of 
rounded succulent carpels. 

The tree occurs frequently in sal forests ; it comes 
up in small blanks containing coarse grasses and 
thus forms a natural nurse for the regeneration of 
sal. It is a moderate sliade hearer, somewhat frost- 
tender hut drought hardy. It copjdces well and also 
reproduces from root suckers. The rate of growth is 
slow (Troup, I, 8-9). 

The wood is yellow when iirst exposed, turning 
greyish hrown, without distinct heartwood : some- 
what lustrous, especially on the radial face, with 
smooth feel, straight- and close-grained, even and 
medium line-text tired : moderately hard, strong, 
elastic and heavy (.sp. gr., c. 0.78 : wt., 46-53 Ih./cu.ft.) 
(Pearson & Brown, I, 28-29). 

'Fhe timber is difficult to .season and is liable to 
warping and end-splitting : green conversion and 
open slacking under cover are recommemled. The 
limber is not durable : graveyard tests indicate a 
life up to 23 months. It is easy to work and saw, 
machines well, Icntls itself to turnerv and finishes to 

j 

a good surface. The data for the comparative suit- 
ability of the timber, expre.ssed as percentages of the 
same properties of teak, are: wt., 1 10 ; strength as a 
beam, 70 : stiifness as a beam, 70 ; suitability as a 
post, 70 ; .shock-resisting ability, 90 : retention of 
shape, 65 : shear, 140 ; and hardness, 105 (Pearson 
Brown. I, 29 ; Piirushotliam vi al., loc. cit. : 
Limaye, Indian For. Rcc., N.S., Tinih. Mccit., 1954, 

I , Sheet No. 14). 

The wood is u.sed for building, flooring, ceiling 
planks, furniture, agricultural implements, yokes 
and carts, tool handles, shafts, axles, oars, packing 
cases and gunstock. It is reported to he suitable for 
match boxes (Pearson Brown, I, 29 ; Rodger, 50 ; 
Rama Rao, 9). 

The fruit of the tree is eaten. The leaves provide 
fodder of medium (piality. The stem yields a fibre- 
locally used for tying pur))o.ses. The hark is said to 
|)osse.ss purgative properties (Paurie, Indian For. 
Leaf!., No. 82, 1945, y ’ Trotter, 1940, 233 ; Burkill, 

II. 1470). 


A/. roxbi(rj'hi(iiui H(M)k. f. & Thoms. (Lepoha— 
Snn^den-kutig ; Assam — Chhagdoti, lascniayang- 
changnr) is a small tree found in eastern Himalayas 
and A.ssam hills up to an altitude of 1,200 m. The 
WH)od is greyi.sh white, hard and heavy (wt., 51 Ih./ 
cu. ft.). It is suitahle for agricultural implements 
and constructions of a temporary character ((yamhle, 
21 : FI. A.ssam, I, 42). 

Milk Bush — see Euphorbia 
Millet, African — see Eleusine 
Millet, Barnyard — see Echinochloa 
Millet, Common — see Panicum 
Millet, Ciimboo — see Pennisetum 
Millet, Finger — see Eleusine 
Millet, Great — see Sorghum 
Millet, Indian — see Sorghum 
Millet, Italian — see Setaria 
Millet, Little — see Panicum 
Millet, Spiked — see Pennisetum 

MILLETTIA Wight Ik Arn. (Legiiniinnsae) 

A genus of trees and shrubs distributed through' 
out the warmer parts of the world. About a dozen 
species arc found in India ; a few exotics are culti- 
vated in gardens. 

M. extensa Benth. ex Baker syn. M. aurieidala 
Baker ex Brandis 

D.F.P., V, 247 : FI. Br. Ind., II, 109. 

Hindi— GV/ z/y, gonj ; Tki .. — Kondaiangeduiige ; 
M.\r.. I'alli niuriiali : Okiya Arkazvla, kissi, 
rekorlo, 

A sub-erect shrub, more often a woody climber, up 
to 20 m. in length and 25 cm. in diam., found 
throughout the suh-Himalayan tract and outer 
Himalayas up to an altitude of i,20(y m. and in 
Assam, extending southwards to Godavari : it has 
been recorded also from some parrs of South India. 
It is common in sal forests and is often an obnoxious 
weed. Bark yellowish hrown with small rough 
lenticels ; leaves imparipinnate : leaflets obovate, 
ohlong to elliptic ; flowers in axillary racemes, 
w'hitish or brownish ; pods strap-shaped, hard. 

The leaves and twigs of the plant arc lopped fot 
cattle fodder : they are eaten by elephants. The 
leaves are fairly rich in protein, calcium and pho.s 
j)horus : analysis of leaves (from Jzatnagar) gave the 
following values (dry matter ha.sis): crude protein, 
22.68 ; ether extr., 4.57 ; N-free extr., 30.93 ; crude 
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fibre, 32.50; ash, 9.32; calcium, 1.92; and phos- 
phorus. 0.29%: digcsiihlc crude protein, 15.54 ; total 
digestible nutrients, 44.88% ; and nutritive ratio, 
1.89. Feeding trials with Kumaoni bullocks showed 
positive balances for nitrogen, calcium and phos- 
phorus. The leaves can be profitably fed in com- 
bination with dry roughages, such as straw and hay, 
wliich are poor in digestible protein (Jayal & Sahai, 
Indian /. Dairy Sci,, i960, 13, 77 ; Gamble, 233). 

The root is reported to possess insect-repellent 
properties. It is used as fish poison and also applied 
to sores of cattle to kill vermin : an infusion of 
powdered roots is rubbed on cattle and horses to 
keep off flies (Chopra ct al., 58, 392 ; Witt, 64). 

The bark and stem yield a coarse fibre used as 
rough cordage : they are beaten and used as brushes 
(Gamble, 233 : Trotter, 1940, 231). 

M. pachycarpa Benth. : Baker (I'l. Br. Ind.) in part 

FI. Br. Ind., II. 106. 

Viv.xi,, - -iMshloti. 

Nkpai. Kiirkus ; Ass.km - Bokoa hih, hokol-hili. 

A large climber found in eastern Himalayas and 
hills of Assam up to an altitude of 1,200 m. Leaves 
imparipinnale: leaflets oblanceolate : llowers in 
co|)i()us panicles, light mauve ; pod woody, rugose, 
often indented between seeds ; seeds 1-3. 

'Fhe seeds and roots of A/, pachvearpa arc used 
locally for poisoning fish and binls. They possess 
considerable insecticidal activity, and in this respect 
they arc similar to Derm and various species of 
Loncliocarpits. The seeds are more toxic than roots. 
'I’he toxicity is due to the presence of roteiione and 
related compounds. Analysis of air-dried roots from 
Kalimpong (Bengal) showed that they contained 
1.2‘n rotenone and 4.0*’,, ether soluble extractives : 
two samples from Assam contained 0.9 and 2.8‘,’.. 
rotenone and 1.6 and 4.3% ether extractives. The 
roots also contain dehydrorotenone. Roots up to 
2.5 cm. diam. are richer in rotenone than thicker 
roots, and the total yield of rotenone-rich roots has 
been estimated at 2 lb. per plant, which is much more 
than the yield of roots from Derr is jdants. Analysis 
of seeds of Af. I)acliyc(irl)a gave the following values: 
moisture, ii.o: ether extr., 12.0; chloroform extr., 
17.0 ; and rotenone and deguelin, o.65‘o ; the seeds 
also contain a saponin (C.,2H;,,0,s) and arc rich in 
fixed oil and carbohydrates. Kxtracts and aqueous 
suspension of finely ground seeds arc effective when 
used in sprays against a variety of insects, like house- 
flies, bean aphids, pentatomids, leaf beetles and 


cabbage worms. They act both as stomach and 
contact poisons ; they are also ovicidal. The residual 
toxicity of ether extracts of the seeds when used in 
high initial concentrations, lasts for a few days after 
spraying; at low concent rat ion.s, no residual toxicity 
is observed. Ground .seeds deteriorate in toxicity 
when exposed to sunlight or to a temperattire of 
98°!'. Toxicity tests against fourth instar .silkworm 
showed that the seeds of A/, pachycarpa are 1/8 as 
toxic as rotenone or nearly as toxic as arsenic 
pentoxide. The seeds are easy to harvest and the plant 
deserves further study especially from the point of 
view of plant .selection and breeding for higher 
potency fl'rotter, 1940, 300 ; Ghose, Indian For. Lea ft.. 
No. 20, 1942. 6 ; Rao, /. sci. industr. Res., 1954, 13A, 
31 ; Chiu, /. Sci. Fd /IgnV., 1950, 1, 276; Spickett, 
Colon. PI. A nun. Prod., 1955, -88 ; Chiu ct al., 

]. ccon. Enl., 1942, 35, 80 ; Tattersfield ct al., Keze 
Ball., 1948, 329 ; Mukerjea Tripathi, J. sci. industr. 
Res., 1956, lSi\ 106). 

A/, leucanilia Kur/. syn. M. pcndula Benth. ex 
Baker is a tree found in Burma ; it is grown in the 
Forest Rc.scarch Institute, Debra Dun. The wood is 
brown, straight- or intcrlocked-graincd, and medium 
to coarsc-t ext tired ; it is strong, hard, heavy (sp. gr.. 
0.95 1.03 ; wt., 64 Ib./cu. ft.) and durable. It is used 
in Burma for house j)osts, bridges, ornamental furni- 
ture, panels, brush liacks, cabinet making, carving, 
turnery, etc. (Pearson & Brown, I, 350-52 ; Rodger, 

>32, 134-35)* 

A/, ovalifolia Kurz is a handsome tree grown in 
gardens for its elegant foliage and handsome racemes 
of lilac or mauve flowers (Bent hall, 145). 

M. piscidia Wight (Kiiasi — Dicfifr-solilvuthcin) is 
a woody climber or a small tree with greyish brown 
bark and white flowers found in Sikkim and Assam 
hills. 4 he bark and flowTrs are u.sed as fish poison 

(C.P.. 54 ^i)- 

Al. pulchra Benth. ex Baker (Kiia.si — Dicnff- 
sliakuriao, dicn^-tiw-klunat , lazc-t\)nicn^, sa-lon<jf- 
tcu) is an erect shrub or a small tree, up to 9 m. in 
heiglit, found in the hills of Assam and in Manipur. 
The wood is tough and suitable for tool handles 
and agricultural implements (FI. Assam, II, 26). 

Al. racemosa Benth. (Hindi— ////zgt ; Tkl. — 
Galufra) is a w'oody climber found in the Deccan 
Peninsula. Like Al. cxlctisa it is also a forest weed. 
The leaves arc used as fodder. 'Fhc root is used as 
fish poison ; it is applied to sores on cattle to kill 
vermin (Troup, I, 250 ; Haines, ITT, 246). 
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MILLINGTONIA I Aim. f. {Rignoniaccai^ 

A moiKHypic genus of trees native of Burma and 
Malaya. A/. Iiortrtisis has become naturali/.ed in 
India. 

M. hortensis Linn. f. Indfan Cork Trkk 

D.li.P., V, 247 : hi. Br. Ind., IV, ^77 ; Blatter, 
ct al, 106, PI. XXll. 

Hindi — Neem-chameli, akas nim, mini~chamheli ; 
Bf.nc.-- Cork-gach, akas nun, mini-chamhvli ; Mar. — 
Akas-ninih, kavala-nimh, nlnihchambcU ; Tkl. — 
Kavnki ; Tam. -Mara-nialli ; Kan . — Beratu ; Mal. 
— Katesatn ; Okiya — Bakeni, really mach-mach, 
silahara. 

A tall tree, up to 24 m. in height, with a straight 
trunk and an elongated pyramidal crown with deep 
green foliage, cultivated throughout India for orna- 
ment. Bark yellowish grey, rough, corky : leaves 2 -3 
pinnate: leaflets oval to ovate-lanceolate: llowers in 
terminal panicles, white or pinkish, fragrant : cap- 
sules slender, compressed : seeds many, flat, winged. 

'riie tree is hardy. It grows best in a moist climate, 
but tloes fairly well in dry situations also. In some 
areas it seldom produces seed. Propagation may be 
done by sowing seeds soon after they become avail- 
able at the end of the hot season and transplanting 
seedlings about a year later, at the beginning of 
rains. The tree can be raised from cuttings planted 
in spring or by root suckers transplanted during the 
rainy season, i'he growth is fast, the recorded mean 
annual girth increment being 1.26-1.57 in. The tree 
coppices fairly w'ell and underground portions 
retain vitality for years after the tree has been cut 
(Troup, II, 692-93 : Cameron, 205). 

The tree is chiefly grown for its stately form, hand- 
some foliage and profusion of attractive fragrant 
flowers which appear from September to December. 
If is grown also as an avenue tree, but it gives little 
shade and being brittle and shallow rooted, it is liable 
to be broken or uprooted by strong winds. It has a 
tendency tf) send up root suckers in abundance which 
is a disadvantage in gardens (Firminger, 412 ; Troup, 
II. 693 : Blatter cl ai, 106-08 ; Benthall, 334). 

The wood is yellowdsh white, soft, moderately 
heavy (wt., 42 Ib./cii.ft.). close- and even-grained. 
Green conversion and careful seasoning yield fairly 
durable timber. It is suitable for furniture, orna- 
mental work, tea boxes, drawing boards and plane 
tables. The bark yields an inferior type of cork. It 
contains a bitter substance and some tannin, and is 
reported to be used in Indonesia as an antipyretic 


(Gamble, 510: Cameron, 205; Trotter, 1944, 214; 
Wehiner, II, 1133). 

MILLIPEDES AND CENTIPEDES (Phylum 
Arlhropoda, classes Diplopoda and Chilopoda) 

Millipciles (Class Diplopoda) and centipedes (Class 
Chilopoda) are characteristically terrestrial, vermi- 
form animals with a distinct head, one pair of feelers 
and a long segmented body, inhabiting damp and 
dark places and avoiding light. They have a w'orld- 
wide distril)urion. The diplopod and chilopod fauna 
of India have been only partially explored. About 
1 15 species of the former, hclonging to some 50 genera 
have heen recorded from tlifferent parts of the 
country : the w'cll-known Indian species of chilo- 
pods belong to the genus Scolopcndra (Linn.) 
Newport. 

The millipedes arc among the most ancient of the 
terrestrial arthropoda. They vary considerably in size, 
from c. 2 mm. to 200 mm. The body is more or Ic.ss 
cylindrical : each trunk segment after the fourth, 
bears 2 pairs of legs : poison claws are absent. In 
centipedes, the hotly is flattened and each of the 
trunk segments, excepting the first, bears a single 
pair of legs. The appendages of the first segment are 
modified into a pair of claws with jierforatcd tijis 
through which poisonous secretion is injected into 
the prey. 

Among the species of millipedes recorded in India, 
the common ones arc: Arthrospliacra helerosticta 
(Newport), A. magna Attems, Zephrnnia nigrinota 
Butler, Z. alttcola Attems, Ciiondroniorpiia severini 
Silvestri, C. mammifera Attems, Streptogonopus 
phipsoni (Pocock) and Trigoniidus Itnnhricinus 
(Gerst.). The millipedes feed exclusively on plant 
material. Some species are known to injure agricul- 
tural crops, but their masticatory organs are weak 
and they can damage only delicate tissues or struc- 
tures exposed by other pests. They aid in the break 
down of humus in the soil. The repugnatorial fluid of 
somc^large tropical species has a strong caustic action, 
blackening human skin on contact ; affected skin 
peels off leaving a slowly healing wound. The fluid 
is injurious to eyes and numerous cavses of blindness 
among chickens are attributed to it (Pocock, /. Botn- 
hay nat. Hist. Soc., 1899, ll, 269-85, 465-74 : 
Bhatia, ibid., 1927-28, 32 , 382-84; Hingston, ibid., 
1930-31, 34 , 404-10; Attems, Mem. Indian Mus., 
1936. 11, 133-323 ; Thomson, 389-93 ; Pycraft, 

191-94 ; Buchshaum, 272-74 ; Cloudslcy-Thompson, 

' 5 - 40 )- 
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Scolopvnclra spp. are notorious for their poisonous 
and painftil bites. The bite of S, snbspinipcs Leach, 
found throughout India, produces intense pain, blis- 
tering, swelling, local inflammation, bubos and sub- 
cutaneous liaemorrhagc. S. morsitans (Linn.), also 
found throughout India and Andaman Islands, is 
said to be as venomous as a scorpion and its 
bite causes considerable swelling. The poison of 
5 . cingxilata Latr. causes oedema and great pain 
and discomfort. Ceases of accidental pscudoparasi- 
tism by centipedes in human heings have been 
recorded. 

Centipedes are reported to be eaten by some people 
in India. In Thailand, some species are roasted and 
given to sickly children with swollen bellies ; they 
are also employed in the preparation of a stimulant 
mixture (Pocock, /. Bombay nut. Hist, Soc., 1892, 
7 , 131-74: Cravely, Rrc. Itiduiii Mas., 1910, 5 , 
*57 59 * 161-72 : Bayley-De Castro, /. Bombay 

nat. Hist, 5 oc.. 1927-28 32 , 232-34; Pycrafi,. 

191-94: Buebsbaum, 272 74 : CIoudsley-Tbom|)son. 
4 ^>- 58 ). 

MIMOSA I arm. (lA'fruminosac) 

A large genus of thorny and woody plants, mostly 
natives of tropical and sub-tropical America : a few 
species have been recorded in Africa and Australia. 
About seven species occur in India. 

M. hamata Willd. 

FI. Br. Ind., II, 291. 

Tel. IJnclra ; -I ndiri. 

Bombay Aiikur ; Bekak — Chilalhi. 

A much-branched prickly shrub found in the 
plains of Punjab, Central and South India. Leaves 
small, bipinnate : flowers red, in globose heads : 
pods 4.0-5.0 cm. long, flat, curved, prickly at 
edges. 

The plant can be grown as a hedge plant. It flowers 
during July-Scptember and fruits from November to 
January. Analysis of the plant gave the following 
values (dry wt. basis); nitrogen, 2.73; phosphorus 
(P2O.,), 0.28 ; potash (KjO), i.oi ; and calcium (CaO), 
4.02% : it may be tried for green manuring purposes. 
The plant is browsed by cattle ,* dried leaves of the 
plant contain: ether extr., 7.88 ; albuminoids, 11.87 : 
carbohydrates. 58.34: fibre, 12.12: and ash, 9.85% 
(Idnani & Chibber, Sci. c^ Cult,, 1952-53, 18 , 362 : 
Lander, Misc, Bull, Indian Coun, ai^ric. Res., No. 16, 
1942, 84). 
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FIG. 1-10. MIMOSA HAMATA— FLOWERING AND FRUITING BRANCH 


M. himalayana Gamble* syn. M. rubicaulis Baker 
(FI. Br. Ind.) in part, non Lam. 

D.K.P., V, 248 : FI. Br. Ind., II. 291 (in part) : Kirt. 
& Basil, Ifl. 373A. 

Hindi & Bent;. — Shiah-kanta ; Tel. — Kodiniudusu, 
undra, ventra, 

Assam — Kuclioi-kaitkusia-kant, kauri-kanta ; Garo 
— Rem sum ; Mikik — Ingsu-maha ; Punjab — Deo- 
kliadia : Kumaon — Khinkari ; Bihar — Kliirlachi 
kanta. 

An erect or straggling shrub, i. 5-3.0 m. high, with 
smooth bark and thorny branches found throughout 
India ascending to 1,000 m. in the outer Himalayas. 
It is common along open water courses, heavily 
grazed .scrub forests and abandoned cultivated 
lands : it is considered useful for hedges. It yields a 

* (iambic {Keze Bull., 1920, I) considers the plant occurring in 
the region south of (Jodavari as AL rubicaulis Lam. syn. A/, ruhi- 
caulis Baker (FI. Br. Ind.) in part. TTic name M. himatayana is 
assigned to the plant occurring in the Himalayas from Afghanis- 
tan in the west to Mishnii hills in the cast, extending to Assam 
valley. Khasin hills and Sylhet southwards to (iodavari. 
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red hcartwood (wt., 41 52 which is fairly 

hard and close grained and suitahle for use as tent 
[)egs and for making gunpowder charcoal. The root, 
leaves and fruits find minor medicinal uses (Gamhle, 
2(;o ; Osmaston, 194 ; Haines, II, 323 : Kiri. & Basil, 
II, 918). 

M. pudica Linn. SKNsrn\'K Pi.ant 

D.K.R, V. 248 : FI. Br. Ind., II, 291 ; Kirt. & Basil, 

Hindi — iMjivanli, cliui-mni ; Bkng. — Lajjabati ; 
Mak. Litjalti : 'VvA.. A tlapalliy peddnuidrakanni ; 

Tam. Totlidvadi, thotted-chinnugi ; Kan. — 
fuichikcy mitdugihdavare ; Mai.. — Tintarmani ; Oriya 

f.ajktni. 

Asswi - Nilajhd)!, adorihan ; Khasi — Kanibaisiinh 
tliia, suntcshidi : Mi ndari -Dunim-jtinum. 

A dilliise umlershruh, 50-90 cm. high, native of 
I Topical America, naturali/ed nearly throughout the 
tropical anti suh-irojiical parts of India. Stem and 
rachis (lothed with prickles; leaves hipinnate: 

pinnae 2-4, digi(atively arranged, with 10-20 pairs of 
Icaileis ; ilowers in pinkish globose heads : pods small, 
flat, straw-coloured, with many bristles ; seeds 3-5. 

This species is highly polymorphic and includes 
three varieties, viz. var. Iiispida Brenan, var. tetran- 
dra DC. and var. uuijuga Griseh. It is common in 
waste ground, [larticularly where the climate is warm 
and moist, and is exceedingly sensitive to touch. In 
many places, it has become a troublesome weed. 

Application of MCPA at 4-6 Ih. per acre affords 
effective control | Brenan, Kew Bull., 1955. 161 : 

Use of Leguminous Plants, 226 : Ram Gopal, Indian 

N.S., 1954-55- 4 (io). 23]. 

11 ie tender plant is readily eaten by cattle. It is 
said to he used as pasture in Fiji. It stands heavy 
grazing and is reported to produce linn flesh and 
increased flow of milk when fed to cattle. Analysis 
of flowering tops (from Fiji) gave the following 
values: moisture, 74.9; protein, 5.5: carbohydrates, 
9.0; fat, 0.8; fibre, 8.2 ; and ash, 1.6%. Trials in 
Ceylon showed tliat the presence of A/, pudica in 
grassland improved the value of pasture for cattle. 
The |)lant becomes thorny when it grows old and 
should he kept in order by grazing and occasional 
burning, (^consumption of pods is likely to cause 
intestinal inflammation in cattle. Feeding trials with 
horses indicated that the plant causes toxic symp- 
toms : in large doses, loss of hair has been observed. 
When fed to chicks, the leaf meal caused stunted 
growth and bloating ; the birds become sickly and 


may die in a few weeks. The plant has been tried as 
green manure |Turbet & Thuraisingham, Trap. Agru 
culturist, 1948, 104, 81 ; Burkill, II. 1474; Henry, 4; 
Gapuz ct aL, Aranda /. Agric.y 1957, 4 ( 3 ), 78 ; Use of 
Leguminous Plants, 226 : Whyte ct ah, 301]. 

Af. pudica contains a toxic alkaloid, mimosinc 
(C'JI,„0.tNo, m.p. 226 -27®), identical with leiicenine 
from Leucaena glauca (q.v.). Leaves, stems and roots 
give positive tests for alkaloids, but the total quantity 
present is small. An adrenaline-like substance has 
been identified in the extracts of leaves : perfusion of 
mimosa ground in Ringer’s solution showed adrena- 
line action on isolated frog heart. Crocetin dimethyl 
ester is present in the pulvini of the plant. The roots 
contain tannin (c. lo*;,,) (Manske & Holmes, I, 21 1 : 
Heilbron & Bunbury, III, 175: Webb, Bull. .sci. 
industr. Res. Grg. / 1 //.s 7 ., No. 268, 1952, 54; Chon. 
Abstr., 1950, 44, 2180 ; 1948, 42, 3812 ; 1949, 43, 3475 : 
Banerji d ah, Trans. Bo.se Res. Inst., 1946, 16, 155). 

The seeds of the plant contain a mucilage com- 
posed of t/-xylose and ^/-gl neuronic acid. They yield 
17‘V, of a greenish yellow, fatty oil, with the follow- 
ing characteristics: sp. gr.’'‘\ 0.9195: n'"'\ 36 cs. : 
n'’” , 1.4691 ; acid val., 4.0: sap. val., t9i.2 : iod. val. 
(Wijs), 130.6; thiocyanggen val., 74.0; llehner val., 
95.0; acet. val.. 21.8; hexabromide val., nil; R.M. 
val., 0.17 ; and unrapon. matter (sitosterol and a 
sterol), 2.5';... The component fatty acids of the oil 
are: palmitic. 8.7 ; stearic, 8.90; oleic, 31.0; linoleic, 
51.0; and linolenic, 0.4’^/,. The oil resembles soybean 
oil and may find similar uses. Owing to its high lino- 
leic and low linolenic acid content, it may be suitable 
for dimerization and production of coating materials, 
such as Norelac (llulyalkar et ah, J. Bidian client. 
Soc., 1956, 33, 864 ; Aggarwal & Karimullah, /. sci. 
iiuiustr. Res., 1945-46, 4, 80). 

A decoction of the root of the plant is considered 
useful in gravel and other urinary complaints. A 
paste of the leaves is applied to glandular swellings ; 
the juice of leaves is used in dressings for sinus and 
also as an ap[)lication for sores and piles (Kirt. ^ 
Basil, II. 915 ; Nadkarni, I, 799). 

A/, invisa Mart., a climbing shrub with pubescent 
stems armed with recurved prickles, has been intro- 
duced into India and tried as a green manure crop 
in coffee estates. It is grown in Indonesia and Indo- 
China as a green manure or cover plant. In Ceylon, 
it is regarded as a potentially serious weed. The plant 
dries up under heavy shade and during dry weather : 
it is also difficult to handle due to its thorny nature. 
A thornless strain of this species has been isolated 
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in Java and is expected to become popular particular- 
ly because it suppresses the growth of Imperala cylin- 
driai. At. sepiaria Benth. is a small prickly shrub 
commonly occurring in Imlia. It is useful for hedges 
and as fuel wood (Use of Leguminous Plants, 224 ; 
Atiriti, Rep. Res. Dcp. Coffee Bd, India, 1954-55, 47 » 
Manual of Green Manuring, 122 ; 'I'oxopeus, Eupliy- 
lica, 1952. 1 , 130). 

MIMULUS I anil. (Scmphnianaceae) 

FI. Br. Ind., IV, 258 ; Bailey, 1949, 897. 

A large genus of annual or |)erennial lierbs or 
rarely shruhs distributed mostly in temperate 
America, and a few in the Old World. Three species 
occur in India and a few exotics are grown in 
gardens for their brillianlly coloured (lowers ((iopala- 
swamiengar, 446). 

Af. ninschatns Dougl. (Musk Plam) is a perennial 
herb, native of America, with oblong-ovate leaves 
and pale yellow (lowers found growing in some south 
Indian hill stations. The plant is reported to ho used 
as a substitute for musk and possesses stimulant 
properties, 'rhough considered non-toxic, a case of 
poisoning of sheep due to it has been suspected in 
New Zealand (Firminger, 422 : Connor, Bull. Dep. 
sci. iiiduslr. Res. N. No. 99. 1951, 101 : Hocking, 
I4I : Wehmer, II, 1 121). 

A/, striclus Benth. syn. A!, gracilis Hook. f. (FI. 
Br. Ind.), non R. Br. is a perennial ascending or 
decumbent herb with linear-ohlong or ohlong-lanceo 
lat<‘ leaves and white, pale blue or pinkish (lowers 
found along streams, moist, shady places and hanks 
of rice (ields in the plains of North India ascending 
up to 900 m. from Kashmir to North Bengal and in 
the Deccan. 'Fhe plant is reported to be used as 
remedy in menstrual disorders (Watt & Breyer- 
Biandwijk, 170). 

MIMUSOPS Linn. (Sapotaceae) 

A genus of trees distributed in the tropics of the 
Old World. One species is found in India. 

M. clengi Linn. 

l).F.i^, V, 249: C.P., 627. S21 : V\. Br. Ind., Ill, 

Hindi A/r////.s7/ri ; Bkn(;. Bakul : Mak, — Oiv/Z/i ; 
Guj. — Barsoli, holsari ; Tki.. — Pogada ; Tam. — 
Vagulam, magadam, ilanji ; Kx's.- Bakida, pagadc ; 
Mal. — Elcngi, ilanni ; - Bokulo baula. 

Assam —Gokid. 

T K ADK — Bullet ic ood. 



FIG. 141. MIMUSOPS ELtNGI 

A small to large evergreen tree found in the 
Deccan Peninsula and Andaman Islands, and 
freipienrly cultivated in gardens for ornament ; it is 
grown also as an avenue or shade tree throughout 
the greater jiart of India. Bark dark grey, fissured : 
leaves variable, elliptic, oblong or ohlanceolaie ; 
flowers axillary, solitary or in fascic les, small, creamy 
white, siar-sliaped, fragrant ; berry ovoid, containing 

I, rarely 2 seeds, yellow when ripe; seeds ovoid, 
compressed, greyish brown, shining. 

'File tree attains large dimensions in the moist 
evergreen forests of western ghats ; in the eastern 
ghats, it is found in dry areas, often on laterite, and 
is comparatively small in si/e. In Andamans it 
.attains a height up to 35 in. with a hole c. 6 m. 
long A 2.5 111. girth. 1 he tree is a shade hearer and 
appears to reproduce well under shade. It is hest 
propagated by sowing seeds singly in baskets and 
planting out seedlings in the field, usually after two 
years, in the rainy season. "Fhe rate of growth is slow 
('Froiip, II, ^37 -38). 

The tree is susceptible to the attack of a wound 
fungus, Fonies senex Nees Ik Mont., which affects 
the wood : the heart wood is ultimately destroyed 
and affected trees are liable to wind throw. Arrheno- 
ihrips raniakrishnae Hood causes leaf gall forma- 
tion (Bagchee Ik Bakshi, Indian For. Rcc., N.S., 
A/yco/., ic;5o, I(i), 6: Ananfhakrishnan, Agra Univ. 

J. Rfs., 1954. 3 , 463I. 
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FIG. 142 MIMUSOPS El ENGI— FLOWERING AND 
FRUITING BRANCH 


The sapvvood is pale reddisli to brownish wlhte, 
sliarplv defined : hearivvood deep red to dark reddish 
I^rown, often witli darker lines, moderately orna- 
mental : smooth, fairly straight- to shallowly inier- 
loeked-grained, even- and fine-text tired, very hard, 
tough, strong and heavy (sp. gr., 0.S0-1.02 : wt., 
^i) 62 11). cTi. ft.), 'rhe timber seasons well, though 
it shows a marked tendency to develop short, wavy 
surface cracks. It can he kiln-seasoned without 
degrade. The wood is durable : graveyard tests indi- 
cated a natural durability of 10 15 years. The wood 
is considerably more dillicull to saw in the seasoned 
than in the green state. It works easily to a good 
surface and rakes a beautiful polish. 'I’lie <Iata for 
the comparative suitability of the timber, expressed 
as percentages of the same properties of teak, are: 
wt., I V’- strength as a beam, 105; stiffness as a 
beam. 1 15 : suitability as a post, too: shock-resisting 
ability, 135 ; retention of shape, 65 : shear, 150 ; and 
hardne.ss, 160 (Pearson Brown, II, 680, 682-83 ; 
Pnrushotham cl nL, Indian For., 1953, 49 ’ 

lamaye, Indian For. Rcc., N.S., Timh. Mccli., 1954, 
1, 55, Sheet No. 14). 


Bullet wood is used lor building purposes, piles, 
bridges, boats, oars, masts, spars, agricultural imple- 
ments, carts, rice pounders, crushers and oil mills. 
It is also used for furniture, cabinet work, panels, 
marline spikes, belaying pins, tools, turnery, picture 
frames, musical instruments and walking sticks. It 
lias been recommended for wooden bearings 
[Pearson Brown, II, 6S3 ; Biirkill, II. 1477; 
Kapadia, J. Gujarat Res. Soc., 1954. I6(i), 15 ; 
Trotter, 1944, 195I. 

The caducous corollas of flowers which fall in 
showers from the tree are valued for making 
garlands and sometimes for st tilling pillows ; they 
retain their fragrance long after drying. In Thailand, 
an infusion of the flowers is used as a (osmetic after 
hath. The flowers are also used in distilling an otto 
used in perfumes and as stimulant. Fresh flowers on 
water-distillation yield 0.01 ‘’m of the otto having the 
following characteristics: sp. gr.’’ , o.(j5(94 : ;r** , 

*•4935' h'l’ +4-4^ • ^H-5 • *54-^’ • 

sol. in I vol. of absolute alcohol ((iupta ct at., Pcrfuni. 

c.s.unii. Oil Rcc.^ *954- 45, 80 : Burkill, II, 1476). 

The ripe fruit is edible ; it is sometimes used for 
making preserves and pickles. The seed kernels yield 
16-25’/;. ^ fatty oil, used for edible and lighting 

purposes. The crude oil has a reddish brown colour 
with an unpleasant odour and is more or less taste- 
less. The refined oil is almost colourless and odour- 
less, but it act] u ires a yellow tint on exposure to air. 
The constants of the oil are: dtl , 0.91 13: j’ " 
1.4655 ; acid val., 2.2 : iod. val., 82.2 : sap. \'al., 18S.0 : 
acet. val., 12.0: and unsapon. matter, 1.30’,’... The 
composition of the total fatly acids of the oil is as 
follows: |)almitic, 10.97: stearic, 10. 10: bebenic, 
0.46: oleic, 63.9S : and linoleic, 14.49“.. (Fckey, 713 : 
Kartha tk Menon, Froc. Indian Acad. Sci., 1944, 19A, 
I : Rail & Simonsen. Indian For. Rcc., 1922-23. 
9, 104). 

Bassic acid (C.,„I I, m.p. 319 24""), the charac- 
teristic sapogenin of Sapolaccac, has been isolated 
from the fat-free seed meal in a yield of 2.4“(. ; a 
saponin, which on hydrolysis yields rliamnose 
(2 mol.), arabino.se (2 mol.) and glucose (i mol.), has 
also been reported. The bark contains 3 -7% tannin : 
it is used in some parts of India for dyeing and 
tanning purposes. The bark and flowers are reported 
to contain a saponin and an alkaloid. The tree also 
yields a gum \Clicm. Abstr., ic;4o, 34 , 6636: 193*’* 
24, 856 ; Ileilbron & Biinbtiry, I, 234 : Edwards ct al., 
Indian For. Rcc., N.S., Chetn. & Minor For. Prod., 
1952. 1(2), 153 : Wehmer, II, 94o|. 
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The tree is lopped for fodder ; the fodder is of 
iiiediiiin (piality. Young twigs are used for cleaning 
teeth. '1 he hark and fruit are astringent and tonic ; 
they are used in diarrhoea and dysentery ; a decoc- 
tion of the hark is used as gargle. A snulT made from 
dried dowers induces copious delluxion from the 
nose and relieves headache and pains. Pounded seeds 
are pasted with oil or ghee and used in sup|)osilories 
in case of ohstinale constipation, especially for 
children (Laurie, Induni For, Lcajl., No. S2, 1945, 9 ' 
IVmdal, : C’hopra, 195S, 514: Kirt. tV Basu, II, 
1495 ; Nadkarni, I, 801 : Hurkill, II. 1476-77). 

Mimusops spp. — see Manilkara 
MINERAL SPRINGS 

A large n urn her of mineral springs or overflows 
frotn underground reservoirs of water, occur in 
India. Some of these are thermal or hot springs, and 
the (h'ological Survey of India recorded some 300 of 
these. Whether thermal (»r cold, waters of all 
miner.'il springs contain molecular (|uantities of salts 
in solution, dhey are used for baths and also taken 
internally as medicinal or table water. Some of them 
are believed to he ellicacious in curing or ameliora- 
ting physical aiiments. Direcrions for drinking atid 
bathing, engraved on stones laid beside the thertnal 
springs in C’hangri/and and in Spiti in the Ilima- 
lavas. hear testimony to such belief. Several springs 
like Devaki IJnai in Surat dist. ((hijarar), Sitakimd 
in Monghyr dist. (Biliar). Bakreswar in Birhhimi 
dist. (West Bengal) and others are popularly believed 
to have a divine origin. It is not surprising that 
several places of pilgrimage, e.g. Badrinath in Garh- 
wal dist. atid Jumnotri in 'Pehri, are located at the 
sites of hot springs. 

In many countries, tnitieral springs have been 
commercial i/.c'd lioth as spas and as sources of medi- 
(inai and table waters. In India, however, vested and 
religious ititerests and complications of private 
ownershij) have largely stood in the way ol their 
('ommerciali/alion. I'he (Geological Survey ol India 
undertook a systematic stirvey of the mineral springs 
of India dtiring the early years of World War IF 
with a view to examine their commercial potentiali- 
ties ; the survey was interru])ted in 1941. In all, 112 
springs were investigated, the largest number 
being in Bihar and Maharashtra, and a smaller 
number in West Bengal, Uttar Pradesh, Ptinjah and 
Madhya Pradesli. Other Stales were not covered by 
the sur\ey. The survey has shown that majority of 
springs occur in broad belts following regmnal 


tectonic trends. In the coal-field region of Bihar, the 
springs occur parallel to the east-west boundaries of 
the coal areas which are defined by well marked 
faults, rhe springs of Monghyr dist. follow the 
strike of the c|uart/.ile ridge of Kharagpur hills 
trending from N.NlvS.SW to NK-SW. Similarly, 
the E.NIvW.SW' trend of Rajgir springs parallel 
tlie strike of the ridge of (juariziles. The linear dis- 
tribution of thc'se springs suggest planes of disloca- 
tion. The Bihar springs are situated in the Archaean 
terrain and have certain peculiarities of composition 
largely ascrihe-d to the nature of the country rock. 

The group of thermal s|)rings in Ratnagiri, Thana 
and Kolaha districts of xMaharashtra and in Surat 
dist. of (Gujarat follow the north-.south trend of the 
west coast of India, believed to he due to dislocations 
brought about by disturbances in the 'Pertiary era. 
The thermal springs emerging from the Deccan 
T rap on the 'Papti valley probably owe their origin 
to a similar cause. 

S|)rings in the Himalayan belt follow the tectonic 
trends of the mountain system. A few springs lie 
outside the major belts of disturbance atid detailed 
investigations are called for to establish their con- 
nection with dislocatiotis in the earth’s crust ((Ghosh, 
Ree. geo/. Surv. India, i(;54, 80 , 541). 

Disriuiuriox 

Andhra In (Godavari dist., a hot spring (temp., 
60'') rises in the bed of the (Godavari river at (Gotidala 
( 1 7'^^39' : S I "o'), it emits slight odour of hydrogen 
sul|)hide and contains small (|uantlties of sodium 
sul])hide, sodium chloride ;ind calcium chloride. In 
Kurnool dist., several springs occur near L.'injahanda 
(15^30' : 78"3'3 o"), Mahanacii ( i5^2c/ : 78^41') and 
Kalva ( : 7^^"^ 16'). In (Gulharga dist. springs 
having copious cliscliarge occur at Wujul (16^28' 
30" : 76‘’36'3<)") and Miidamiir ( i6' 36' : 76"33'). In 
Warangal dist., a spring forming a pool, 40 ft. by 
30 ft. in extent and 5 ft. deep, is found near Baiora 
(i7‘'56':8o" 47') ; the water is slightly carbonated (La 
Touche, 382 84). 

/Ls.sy//// Se\eral lliermal springs (temp., c. 55") 
occur at Kopili (25' v/^o" :92"4i') in CMichar dist. 
and at Namhor (26"24' :c;3‘’56') in Sihsagar dist. (La 
'Pouche, 373). 

Bihar In Bihar hot sulphur sjirings occur at 
("harak • (::4” iL' ^^"25'). jherhari (23^42' : 86^46'), 

Sheopur (23"4o' : 86"35') and 'Patloi (23"4i' : 86"44') 
in Manhhum dist. and at [harom (23"5o' : 84°3c)') in 
Palamati dist. ; alkaline springs of the Kawa Gandh- 
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wani series (23“44': S5'’23') are found in Ilazaribagh 
(list, riiese springs are situated in Archaean terrain, 
in zones more or less parallel and close to the 
boundary of Gondwanas and are related to posi- 
Gondwana faulting (Ghosh, Proc. Indian Sci. Con^r., 
194S, pt TI, 224). 

I’he hoi sulpluir springs of Surajkiind (24"^ 9': 
S5''38') and Duari (24''S' : 85^*9') in lla/arihagh dist. 
are situated also in Archaeans. The two cold springs 
in the dist., one at Paialsur (24° 10': 85^37') and tlie 
other at the summit of Pareshnatli hill, are also 
situated in Archaean gneisses : their How lluctuates 
in different limes of the season, the water being 
derived from surface or near-surface sources. 

In Monghyr dist., ‘simple' or 'indilferent' thermal 
waters, so called on account of their low mineral 
content, occur in a line exteniling over a distance of 
30 miles or more along the strike of Kharagpur hills 
in a zone of faulting in Archaean i|uartzite, with 
por[)hyritic granite occurring at the base of 
c|uarizite. All the springs, excepting Phillipskund 
and Sitakund at the northern extremity of the zone, 
are confined to Kharagpur hills. The zone in which 
the springs occur take a southerly direction and 
passes through Rishikund, Rameswarkund, Lachmi- 
swarkund and Bhowrahkund and then turn to south- 
west to Bhimhand (2 ^”4' : 86*^24') Bharari 

(25°7':«6-2i'). 

The thermal springs of the Rajgir group, oexur- 
ring in Patna and Gaya districts, emerge out of 
Archaean cjuariziies as in the case of Monghyr 
springs. '1 here are more than a dozen of tliem on 
either side of Betarni river along the foot of Baihhar- 
giri and Bi|)ulagiri hills, at a distance of c. i mile 
from RajgirkuiKl railway station and at an altitude 
of 200 ft. 'rile Tapohan springs (24^55' : 85® 19') in 
Gaya dist. are situated at an altitude of 300 ft., c. 12 
miles W.SVV of Rajgir. There are four springs 
(Sanai, Sanatan, Sanatnandan and Sanatkumar or 
Brahmakund) in an east-west line along the foot of 
the highly jointed (|uartzire hill. About 8 miles E.SK 
of Rajgir are Agnikund springs (25''o' : 
situated at an altitude of 200 ft. at the foot of a 
i|uari/ite ridge. 

Gujarat & Maharashtra '^I’he expanse of country 
in western India, covered by the vast basaltic Deccan 
Trap, is singularly devoid of mineral springs except 
for the scries running north and south along the 
coastline between the sea and the western ghats. At 
the northern extremity of the series is Deoki Unai 
grou|) of springs in the former Bansda state in Surat 


(list. (Gujarat) and at its southern end occur the 
Rajapur springs in Rainagiri dist. (Maharashtra). 

Beginning with the Vajreshwari springs of Thana 
(list., the .southern portion of the .series stretches 
over Thana, Kolaha and Ratnagiri districts. In 
Ihana dist., at the north-western part of Bhiwandi 
taluk, the course of Tansa river is marked for a dis- 
tance of 3 miles by a number of mineral springs, 
either in the river bed or close to its banks, collec- 
tively known as Vajre.shwari springs (i9‘^29'-i9°3o': 
73® I '-73^2'). I’hrec groups of springs, viz. Unhera 
springs : 73“'3'). ^ov springs (iSy : 73°23') 

and Vadavali springs (i8°4' : 73"27'), occur in Kolaha 
dist. Seven groups of springs viz., Khed springs 
('7“4y:73"24')' Unhara springs (i7'’37':73°'9'). 
Arvali .springs (*7'^' ’.9' : 73^3 1'), Tural springs (17^17': 
73°32'), Rajwadi .springs (17° 15' : 73”34')* Sangame- 
swar (Phan.savna) springs (17*^ 1 2' : 73''35') and Raja- 
pur (Unhala) spring (ih'^39' : 73''32') occur in Ratna- 
giri dist. The waters of Unhera, Unhara and 
Vajreshwari springs are saline (Ghosh, Proc. Indian 
Sci. Congr., 1948, pt II, 226 : Rcc. i^coL Sitrv. India, 
'954» .W)- 

Madhya Pradesh — A hot spring occurs at Burra 
Anhoni (22^35' : 78*^36') in Chhindwara dist. on the 
Deccan Trap formation, along the C'hhindwara-- 
Matkuli road, c. 8 miles from Matkuli. In Iloshaiiga- 
had (list., close to Anhoni village (22*^37' : 78'’2 1') in 
Sohag|)ur rahsil, occurs another thermal .spring, 
the Chota Anhoni spring. 'The waters of the two 
springs are low in mineral content : the Burra 
Anhoni spring water resembles the indifferent water 
of Trink(|iielle-Wildhad (Germany), that of Chota 
Anhoni spring resembles diluted Vichy (France) 
wafer. 

Mysore In Bangalore cantonment (12^^58' : 
77^38'), a well containing saline water is attributed 
some medicinal projierties. A mineral spring con- 
taining slightly carbonated water with traces of 
alumina and lime occurs at Ramandrug (i5°7'3n"': 
76"32') in Bellery di.st. (La Touche, 384). 

Punjab — A hot spring occurs in Sohna village 
(28” 15': 77^8'). c. 34 miles from Delhi. It is used for 
bathing and drinking purposes and has been partly 
commercialized, the rights of private baths being 
annually auctioned. The water, like that of Chota 
Anhoni (Madhya Pradesh), contains hicarbonates. 
Occurrence of 6 mineral s|)rings containing small 
amount of iodine salts and efficacious in the treat- 
ment of goitre, have been reported from Jwalamukhi 
(3i°52' : 76^23'). Saline and sidphtirous springs occur 
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also at l.ausa {^ 2 ° 27 ,' Tatwani (32°7' : 76°46'). 

Tiva (32°8':76°i4'), Bashist (32" 'A': 77° 15')' Monali 
(32° 15'; 77° 14'), Manikarn (32°2': 77°25') and Pinjaur 
(38°48' : 76° S 9 ') (I-a Touche, 385). 

Rajasthan \v\ Udaipur disr., a spring rises through 
sandstone at Ganger : 74''4o'), the water of the 

spring is sliglitly saline and sulphurous (La Touche. 

3 *^ 7 )- 

IJllar Pradesh — There are two wells containing 
alkaline mineral water in Banaras ci(y, vi/. Bridhkal 
and Gaihi. The waters arc similar to that of Apolli- 
naris and Wiesenhrunnens. 

In Dehra Dun dist.. a group of cold springs occur 
in the limestone-hearing terrain near Mussoorie 
: 7^"4 )• Df these, the Mossy Fall spring gives 
simple or indifferent water of the Fvian type. 
The Sahasradhara sulphur spring ; 78”7'), 

situated c. 7 miles N.NF of Dehra Dun and 2 \A 
miles IvSF of Rajpur, issues through limestone in 
the gorge of the upper reaches of Baldi Nadi. The 
water of the spring is reported to possess curative 
properties. 

CaiAKAciKKisncs OK Sphino Waikks 

Table 1 gives the characteristics of some of the more 
prominent springs revealed hy the survey in the 
States of Bihar, West Bengal, Madhya Pradesh, 
Gujarat, Maharashtra, i^injal) and Uttar Pradesh. 

The geological environment inllueiices the compo- 
sition and radio-active character of the waters. As a 
rule, waters emanating from Archaean terrain are 
fairly low in mineral content, e.g. those of Bihar, 
Birhhum dist. (West Bengal) and Gurgaon dist. 
(Punjab). Those emerging from basalt, as in Maha- 
rashtra and Madhva Pradesh, are high in mineral 
content, alkaline earths, magnesium and sulphate 
and chloride predominating. On the other hand, 
springs emanating from limestone, e.g. those of 
Dehra Dun, are high in calcium carbonate and 
bicarbonate with \arying amounts of sulphate. 

Temperature The waters from some springs 
emerge hot, while from others either lukewarm or 
cold. The highest tem])eraiurc of spring water 
recorded in India is 87° at Surajkund (llazarihagh 
(list., Bihar). Phe temperature remains fairly unilorm. 
The main Surajkund spring lies within a few' feet 
of 5 other springs emerging at much lower 
teiTH>eratures. 

A high temperature indicates that the water is of 
deep-seated origin. I'lie temperature decreases as the 
water travels upw'ards hy admixture with circulating 


water in the shallower portions of the earth's crust. 
Gold springs are of superlicial origin and unlike hot 
s|)iings, are liable to he contaminated, as they draw 
tlieir supply of water from surface or near-surface 
sources. 

Time The Ilow' of water, particularly in cold 
springs, is larger during the rainy season and early 
wdntcr than in summer. I'he highest Ilow recorded is 
^8,000 gal./ hr. from Siiakund (Monghyr dist., Bihar). 

Radio-activity With the exception of a few 
sj)rings in Maharashtra, the waters of which are 
permanently radio-active, most s|)rings examined hy 
the (Geological Survey show radio-emanative proper- 
ties which almost disappear in the course of a month. 
Phis is due to the presence of radon (half life period, 
3.8 days), derived from the spontaneous disintegra- 
tion of radio-active elements present in the earth's 
crust through which the water circulates. Gn the 
basis of radio-activity, Indian springs have been 
divided into four categories, viz. very strongly radio- 
active (radon content, 17.7-6.1 niMc) : strongly radio- 
active (radon content, 5.06-2.80 mMc) : mildly 
radio-active (2.19 1.00 mMc): and feebly radio-active 
(0.98- trace mMc). Very strongly radio-active springs 
occur mostly in Bihar in Palamau, lla/arihagh and 
Monghyr districts. Some springs of the Rajgir series 
in Patna and (Gaya districts have also been found to 
possess very strong radio-activity. The highest acti- 
vity of 17.7 mMc was recorded at jarom in Palamau 
dist. Springs in Maharashtra and Uttar Pradesh 
(Dehra Dun dist.) and wells in Bharatpur (Rajasthan), 
and Batin ras (Bridhkal and Gaihi) are feebly active 
(Table i) (C-hatterjee, Indian Miner., 1958, 12 , 

1 16). 

Chemical composition From the point of view of 
chemical composition, Indian spring waters fall 
under four main types, viz. (t) simple or indifferent, 
characterized hy low mineral content : (ii) alkaline, 
contain sodium carbonate and bicarbonate : (Hi) sul- 
phur waters characterized hy the presence of hydro- 
gen sulphide and often sulphate radicals ; and 
(iv) chloride or saline waters. 

The mineral content of simple waters seldom 
exceeds 500 p.p.m. and is often as low as 40 p.p.m. 
The waters of Mos.sy l"all, Mussoorie and of thermal 
waters of Rajgir in Patna and Gaya districts and 
those of Kharagpur lulls of Monghyr dist. fall under 
this class. Mossy Fall waters compare favourably 
with foreign waters and have been found to be 
similar to Fvian type of waters. The waters of Rajgir 
and Kharagpur hills are slightly acidic or alkaline : 
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TABU: I— CHARACrERISTICS OF SOME INDIAN SPRINGS* 


Location 

Bihar and West Benom. 

Gases, if any 

Kate of flow 
(gal./hr.) 

Temp. ”C. 

Radons 

(niMc/liire) 

Therapeutic u.se.s 

Manhhum (list. 






Lharak (Main) 

Hydrogen sulphide ^ 
carbon dioxide 

500 

.38 

1.1. SO 


Shcojnir (Main) 

do. 

2.S0 

40 

1.227 


Tailoi (No. 1) 

do. 

4,000 

60 

0.245 


INir 

None 

5 

31 

7.779 


liirhhum (list. 

Bakrcswar springs: 

Agnikund 

Bralimaknnd 

ll(iz(irih(ti»h (list. 

(lari)on dioxide 

None 

1,200 

1,200 

71 

42 

2.805 

0.791 

Skin diseases, digestive 
di.sorders and rheu- 
matism ; acts a s 
;ippeti/er 

Kawa C^'indliwani 

Hydrogen sulphide 

1.1 SO 

14 35 

8 S6l 8.380 

do. 

Duari 

do. 

500 

45 

3.280 

do. 

Ifatkaiina 

None 

100 

22 

0.345 


Surajkund 

Hydrogen sul]>hide iV 
carbon dioxide 

3.000 

87 

1.410 

Skin diseases, tligesiive 
disonlers and rheu- 
matism ; acts as 
appetizer 

Patalsiir 

None 

200 (in April 
1941) 


10.38? 


Parcslinaih (cast of 
temple) 

do. 

4,000 (in Sept. 
1941) 

117 (in April 
1941) 

20 

0.019 


Moughyr dist. 






Bharari springs 

('arbon dioxide 

7,000 

58 65 

0.224 0.290 

Skin di.seases, gout, 
rheumatism ; appe- 
tizer and corrective 
for metabolic dis- 
tu’ders 

Bhimbaiulh springs 
(1 4) 

do. 

10,000 

52 64 

0.765 1.224 

do. 

Bhowrah (West) 

do. 

2.000 

44 

4.4.S0 

flo. 

do. (East) 

do. 

1,000 

40 

9.270 

do. 

Lacliiniswarkund 

None 

7,200 

67 

0.983 

do. 

I.ake (1 mile s()inli of 
Phillipskiitid & 
Sitakutid) 

None 

Permanent lake 


0.308 

(unu.sed 


Phillipskiind 

(.'arbon dioxide 

10,500 

55 

3,046 

Skin disc.ases, gout, 
rheumatism ; appe- 

ti/cr and corrective 
for metabolic dis- 
orders 

Rameswarkund 

(\'irbon ilioxide 

.3,600 

44 

7.850 

do. 

Kishikund- Gr. [ 

do. 

5,000 

40 

4.920 

do. 

Rishikiind, north of 
temple 

do. 

.3,000 

45 

5.065 

do. 

Kishikund Gr. 11 

do. 

5,000 

.39 

5.060 

do. 
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TAKI.K 1 — con id. 


Location 

Gases, if any 

Rate of flow 
(gal./hr.) 

Tem|). C. 

Radons 

(niMc/lilre) 

Therapeutic uses 

Rishikuiul- Cr. Ill 

Rishikund, southern- 

(\’irl)on dioxide 

1 ..=i00 

46 

3.560 

Skin disea.ses, guut, 
rbeumatisni ; appe- 
tizer and eorreetixe 
for inelabolic dis- 
orders 

most of the group 

Shringirikh (with 

do. 

.s.OOO 

44 

4.853 

flo. 

spout) — I 

None 

9..S0() 

M 

3.048 

do. 

Shritigirikh, cast of I 

None 

3,S00 

29 

3.052 

do. 

Sitakiind 

Palamau dist. 

(!arbon dioxide 

3S,000 

57 

3.050 

do. 

jarom 

Sauthal Par^anas 

Hydrogen sulphide A' 
cnrlion dioxide 

250 

55.5 

17.700 

do. 

Rarhniasia 

do. 

.sOO 

32 

0.925 


Jharipatii 

Hydrogen sulphide A' 
(arl)on dioxide 

.1,000 

33 

0.336 


Kaldain, Bara 

Kainpiir (west of 

None 

luo 

25 

0.1. H 

• • 

Jiajori) 

Hydrogen sulphide iV 
• arbon dioxide 

l,7S2 

31 

2.197 


'ranteswari 

do. 

.S,0()0 

69 

2.061 

Skin diseases : appe- 
tizer 

'ratilloi 

rio. 

.S.flOO 

65.5 

0.141 

do. 

'IVikut Paliar 

Patna & (ki\a districts 

Rajgir springs: 

None 

O.S 

22 

0.018 


Rrahmakund 

Traces of inert gases, 
possibly iiitn»gen 

S.OOO 

42.5 

6.S70 

Skin disea.ses, rheuma- 
tic complaints, parn- 
iNsis, dyspepsia and 
diabetes 

Makhdunikund 

None 

1,430 

36 

4.1.10 

do. 

Chandrainakund 

do. 

200 

40 

6.590 

do. 

Surajkuiul 

do. 

575 

41 

6.200 

do. 

Vyaskiiiul 

do. 

1,044 

41 

3.576 

do. 

Viswaniitrakiiiul 

None 

1,436 

41.5 

1.380 

do. 

Oangakiind 

do. 

760 

42 

3.5S0 

Skin di.seases, rheuma- 
tic complaints and 
dys|)e|)sia 

jainiinakund 

do. 

415 

41.5 

3.600 

do. 

Markaudevakund 

do. 

125 

39.5. 

1.7.10 

do. 

Kanikund (hot spout) 

do. 

55 

32 

1.003 

do. 

do. (cold spout) 

d.i. 

10 

23.5 

Tr. 

do. 

Siiakund 

do. 

290 

40 

6.200 

do. 

Caneshkund 

'I'apfihan springs: 

Hydrogen sulphide 

n.a. 

n.a. 

n.a. 

do. 

Agnikund 

Hydrogen sulphide A' 
larlP/ii dioxide 

9,000 

50 

4.234 

Skin tliseases 
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TAiii.K 1 I on lit. 


Loci l ion 

Gases, if any 

Rate of flow 
(gal. /hr.) 

'IVmp. C. 

Radons 
(mMc /litre) 

Therapeutic uses 

(Il'J\K\l M vn VR \.SHTMA 






Thnint 






1 .:i( hmrinktiiul 

Hydrojjcn snl|)hi(U* A: 
larhon dioxide 

7()fl 

SO 

0.424 

Skin diseases, rheuma- 
tism, gout, paralysis, 
obesity, goitre and 
elephanliasis ; appe- 
ti/er 

(Ih.'iiKirnkiind 

do. 

2hl) 

SO 

0.585 

do. 

V;i jrrsliw.'iri (sprinjjj 

No. S) 

do. 

00 

44 

nil 

do. 

(^'in;;;:ikinul 

do. 

200 

51 

do. 

do. 

Siirajkiiiul 

do. 

600 

.SO 

do. 

do. 

Hliinu'shuarkiiiid 

do. 

100 

51 

do. 

do. 

Aiuisaicliikiind 

do. 

6(M) 

56 

do. 

do. 

A}*;nikiind 

C.arlion dioxide Ik inert 

i .000 

58 

do. 

Skin diseases and rheii 


jrases 




m.’itic complaints; 

;ippeti/er 

Koilia\aIa's spring 

do. 

.^10 

52 

0.066 

do. 

Knlfiha (list. 






I’nlu-ra 

('aii)on dioxide 

410 

41.5 

nil 

do. 

SdV 

IIvdroj;;en sulphide i\ 
earhon dioxide 

600 


do. 

do. 

Rdlmtiiiri (list. 






Klinl 

Hydroj^Tfii sulphide Ik 
carbon dioxide 

140 


nil 

do. 

I'lihara 

do. 

1.500 

60 

0.806 

do. 

Aravali 

do. 

‘>16 

40 

nil 

do. 

Ka jnadi 

do. 

1 .S70 

54 

do. 

do. 

Tiiral 

do. 

1,000 

61 

do. 

do. 

Sanpamesinvar 

(Phansnvna) 

(Carbon dioxide 


52 

do. 

do. 

Kajapur (rnhala) 



60 

do. 

do. 

Mmmiya 1*radesii 






i'hhimhi'drn (list. 






Hurra Atilioni 

Hydrogen sulfdiide 
carbon dioxide 

1,500 

56 

Tr. 

do. 

llosliani^dhad (list. 






(Miuta Anhoni 

do. 

1,100 

45 

nil 

Skin diseases 

Pi N JAB 






(iur*^(ion (list. 






Sc din a 

do. 

S80 

46 

2.950 

I .eprosy and other 
cutaneous affections, 
scrofula, rheumatism 
and liver complaints 
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TAHI.K I -i onld. 


Location 

iTAU Pradksii 

(»ases, if any 

Kale of Ho> 

(gal. /’hr.) 

Temp. (1 

Hadons 

(mMcTiire) 

TTuTapeiitii’ uses 

Varatuisi dist. 






Bridhkal well 

Hydrogen sulphide tV 
carbon dioxide. 

A constaiil k\cl 
of 40 IT. of 
water maiti- 
taiiied 

25 

0.525 

I.ejirosy and other 
cutaneous affections, 
.scrofula, rheumatism 
and liver complaints 

Caibi well 

None 

do. 

25 

0.250 

do. 

Dclira Dun dist. 






Springs in and around 
Mussooric 


400 10,000 

17-21 

T’raie to 
O.SIO 


Saliasradhara 

Hydrogen sulphide 

25,000 


0.275 

Skin diseases and tiiges- 


tivi’ (onipl.iinis 


* (fhosh, Nt'c. Suri'. ItuUa^ 1954, 80, 554 5S. 

Tr. -'rraccs. 

n.a.- not available. 


TABLE 2-CHEMlCAL ANALYSES OF INDIFFERENT WATERS ^ 
(in parts per mi 1 lion) 


Simple type 

Acid type 

A 

r --s 

Mossy Kail Evian 

(H.P.) (France) 

Brahmakimd 

(K.ijj{ir) 


Sodium 

M.O 

6.9 

2.0 

i’otassiiim 

TV. 

2.5 

nil 

Magnesium 

12.2 

25.7 

TT-. 

Calcium 

50.0 

7«.4 

11.4 

Iron A: Aluminium 

2.0 

0.2 

nil 

Chloride (Cl) 

0.0 

I.S 

4.0 

Sulphate (SO,) 

152.0 

S.5 

TV. 

Bicarbonate (I ICO,) 

177.0 

.C56.S 

24.0 

Silicate (HSiO,) 

12.1 

1S.2 

25.6 

* (ilhosh, Rcc. Sun 

TV.- Traces. 

•. India, 

1954. 80, 547. 



TAIU E 3— CHEMICAL ANAIYSES OF ALKALINE WATERS' 
(in parts per million) 



Kawa 

Sohna 

CTiota 

Viehy 

C 

landhwatti 


Atihoni 

water 





(dil. 10 





times) 

Silica 

.56.0 

44.0 

14.0 

4.6 

Iron 

nil 

till 

1 





1 0.7 

Tr. 

Alumittiiim 

II.4 

46.7 

i 


Calciiitn 

nil 

11.4 

16.7 

7 

Magticsiiim 

tiil 

5.6 


.5 

Sodium 

1 09.0 

125 

ISS.9 

97 

Bic.'irbonale (ITCO,) 

1 S5.0 

270 

221.4 

254 

Sulphate (SO,) 

7.0 

II 

nil 

11.5 

(Tdoride (Cl) 

59.0 

199 

59.0 

1S.2 

Fluoride (F) 

17.0 

nil 

nil 

I.S 

*(Jh()sh, Ret . . 

Snn\ India, 

1954. 80, 

55t). 



Tr. TTates. 


some of them arc used as table waters. The character- 
istics and chemical analysis of simple type indilferent 
Walters of Mossy Fall (U.P.) and Fvian (France), and 
of acid type indifferent w'aters of Brahmakimd spring 
are given in Table z. Alkaline waters of Bridhkal 
and Gaibi wells of Banaras shnw' similarities to Apol- 
linaris and Wiesenbrunnens waters. Mild Vichy type 
of water (with varying amount of hydrogen sulphide) 
is obtained at Kawa Gandhwani in Ha/aribagh dist., 
Choia Anhoni in Hoshangabad dist. (Madhya 
Pradesh), and Sohna in Gurgaon dist. (Punjab). 
Chemical analyses of these spring waters and of dilu- 
ted Vichy winter is given in Table 3. Thermal springs 


of Duari and Surajkund in Ha/aribagh dist. resemble 
the water of Aix-Ies-Bains spring ; comparative ana- 
lytical data of the waters of these springs along with 
the analysis of the water of 'Pay lor Spring (California, 
U.S.A.) are given in 'fable 4. (Chloride or saline waters 
of Unhara spring (Ratnagiri dist.) and Surajkund 
(Vajreshwari. 'fhaiia dist.) of Maharashtra resemble 
the waters of MarieiKpielle and l.eamington (Table 5). 
The comparative data given in Tables 2, 3, 4 and 5 
aim at c\stablishing only general similarities between 
one water and another as it is ditlicult to find two 
waters containing exactly the same constituents in 
identical proportions. 
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TABLE 4— CHEMICAL 

ANALYSIS OF WARM 
(in parts per million) 

SULPHUR 

WATERS* 


Duari 

(India) 

Surajkiind 

(India) 

Aix-lcs- Taylor 
Bains Spring 

(France) (C’aliforni; 

U.S.A.) 

.Soilium 

i:s 

146 

44 

94 

Potassium 




6.4 

Maj;ncsium 

nil 

Tr. 

19 

4.S 

Calcium 

2M 

2.9 

64 

7 

Iron 

nil 

nil 

4.2 

T>. 

Aliiiiiiiiium 

4.24 

nil 

8.7 

8.4 

C.arbonatc A: liicarbo- 
natc 

121 

124 

112 

4.S.0 

Sulpbatc (SO,) 

.^S 

6.S 

LSI 

'220 

Sulphide (S) 

20 


44 

14 

Chloride {C\) 

71 

92 

IS 

59 

Fluoride (F) 

IS 

21 



Silicic acid (HSiO..) 

S7.26 

164.26 

6.40 

25.60 

* (Uiosb. Rn'. 

Sun'. Intliti, l‘>.^4. 80, . 

S.>2. 



Tr - -'I'raccs. 


TABI.h' 5-CHEMICAK ANALYSIS Or SAl.INb' WATFRS* 
(ill parts piT million) 



Unhara 

(India) 

Surajkimd, 

Vajresvvari 

(India) 

Learning' 

ton 

(England) 

Marieii- 

(pielle 

(Cier- 

niany) 

An»n- 

dark 

(.America) 

Sodium 

669.4 

710.1 

714.0 

972 

827 

Magnesium 



78.5 

■10 

91 

(!a'ciiim 

154.0 

154.7 

272.6 

124 

26 

Iron 

4.0 


4.2 

2.7 


Chloride (C.l) 

1090.9 

1241.0 

I2.S9.I 

1566.0 

1186 

Siilphale 

(SC.) 

274.2 

155.5 

498.6 

'l>. 

.'^04 

t'arhonalc 

(C-O.) 

S.O 

9.2 

I.SO.I 

228 

1.16 

Bicarbonate 

(HCO,) 






Fluoride (F) 






Silicate 

(HSiOj 

.S.l 

6.42 

42.9 

? 

11.8 


• (ihosh, Ncc. ^col. Sun'. Inti in, 1^54, 80, 
'!>. 'I'raccs. 


Utilizahon 

Only a few springs are used for baths, although 
there is scope to develop most of them as attractive 
spa resorts and bottle their waters as table and medi- 
cinal waters. 

Hie Geological Survey of India tested the cllicacy 
of bottled waters and found them to he as good as 
table and medicinal waters used in other countries. 
The reported therajieulic properties of some springs 
arc given in Table i. 

Mint — sec Mentha 
Mint, Cat — see Nepeta 

MIRABILIS Linn. {Nycttiirinaceac) 

A genus of herbs, sometimes shrubs, mostly native 
of America. Some species are ornamental and are 
cultivated, or have become naturali/ed, in the 
warmer parts of the world. Otie sjiecics occurs in the 
Himalayas and three exotic species are growti in 
gardens. 

M. jalapa Linn. I’oi k ()’Cl(k:k Pi.am, Marvki. 

OF Pkru 

D.K.P., V, ^53 : Bailey, 1949, 35S. 

Hindi — Gul-abhas, gulabash ; Bkn(;. Krisluiakcli, 
sarpamani ; Mar. — Guibns ; Guj. -Gttbhaji ; 'Fel.^ 
Chandrakantd, chdmlraDKilli ; Tam.— Andliwidlli- 
(Tdi : Kan. — Sdtijdwdlligc, clidiidrdWdllige ; Mai..- ■ 
A tilimdldri, dutimduldruni. 

A perennial herb or undershruh, c. 1.0 m. high, 
grown for ornament throughout India : it istnet with 
as an escape in many jilaces. Roots thickened and 
tuberous , iiji to to cm. or more in diam. : stems 
swollen at nodes ; leaves ovale, cordate ; flowers in 
clusters, funnel-shaped, simple or double, fragrant, 
white, yellow, purple or red, striped or blotched : nut 
ellipsoid, rugose, i -seeded. 

The plant is propagated by .seeds or by root tubers 
of the previous year and grown in pots, shruhherics 
or perennial borders. Flowers arc hortie in profusion : 
they open late in the afternoon and close in the morn- 
ing (Gopalaswamiengar, 496 : Bailey, 1947, II, 2056). 

The tuberous roots of the plant were once erro- 
neously thought to be the source of jalap {Exo- 
gonium pdrgd). They are dark brown in colour and 
show a horny fracture, 'fhey arc mildly purgative 
and used as a suhstitutc or adulterant of true jalap. 
In powdered form, the roots possess a distinct odour 
and a slightly acrid taste followed by a tingling warm 
and numbing sensation, stimulating the flow of 
saliva. Moistened powder is irritant to skin and 
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mucous nicinhranc. The roots contain a resin (3%) ; 
trigonelline and a carbohydrate yielding galactose 
and arahinose on hydrolysis, arc present. Mature 
fruits yield a starch completely soluble in water at 28° 
(Youngken, 6y4-<j5 ; B.P.C., 1959, 392: Wehmer, I, 
299 : Chaudhuri, Sci, & Cult., 1946-47, 12 , 449). 

The leaves and stems of the plant arc reported to 
he cooked with pork and used as tonic in China. 
Seeds are used as an adulterant of black pepper. 
Bruised leaves are employed for ])oulticing abscesses 
and boils. Juice expressed from leaves is used as an 
external application to wounds and bruises and for 
allaying itching in urticaria |Cheo, Bol. Bull. Acad, 
siuica, 1947, 1(4), 298; Kirt. tV Basil, III, 2050; 
Burkill, II, 1478-79 ; Nadkarni, 1 , 803]. 

A'/, liitualaica (Kdgew.) lleimcrl syn. Oxyhaphtis 
hifualaicus Edgew. is a herb found in western Hima- 
layas from Kulu to Garhwal. at altitudes of i,8(K)- 
2,700 m. Ii is used as winter fodder. 

MISCHOCARPUS Bln me (Sapiudaccac) 

Kl. Br. Ind., I, 678. 

A small genus of trees distributed from South-East 
Asia to Australia. 'I'liree species arc found in India. 

A/, sumairanus Blume syn. Cupania sumalraua 
Mi(]. is a small tree up to 12 m. in height with pinnate 
leaves, small whitish flowers and pear-shapcil red 
capsules, recorded from Khasi hills in A.ssam. 'rhe 
fruits are reported to be eaten in Malaya. 

A/, suudaicus Blume syn. Cupafiia Icsscrtiaua 


Cambess. ; (FI. Br. Ind.) in part is a closely related 
species found in South Andaman Islands. The young 
shoots are said to be edible. The wood is reported to 
he used for making charcoal in Java (Burkill, II, 
1480 ; Corner, I, 588). 

MISCHODON 'Fhw. (pAtpliorhiacrac) 

FI. Br. Ind., V, 344. 

A genus of trees distributed in South India and 
Ceylon. A/, zcylatiicus Thw. (Tam. — Tauipauai), a 
large, handsome, evergreen tree with brown, rough 
bark and flnear-oblong leaves, is reported to occur in 
the Anaimalai and Tinncvelly hills. The wood is 
pinkish or brown in colour, close- and even-grained, 
hard and heavy. It is duralile, withstands moisture 
and works to a smooth surface under tools : it is 
re])orted to be suitable for decorative work and tur- 
nery. Ill Ceylon, it is said to be used for building 
purposes (Gamble, 607 ; Howard, 371 : Lewis, 335). 
Mistletoe — see Viscum 
Mithan — see Wild Cattle, Sheep and Goats 

MITRAGYNA Korth. (Ruhiaeeae) 

A genus of shrubs or trees distributed in the 
tropics of the Old World. Three species are found in 
India. 

M. parvifolia (Roxb.) Korth. syn. Slephcfrync parvi- 
folia Korth. 

I).FJ\, VI(3), 360: VI Br. Ind., Ill, 25. 
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MCI. HI. MITKAGYNA PARVIKH lA-1 I OWtPINCi RRANCII 


Wwin - K(i ini, halnii, kadassa; — Gulikadani ; 

AIak. — Kdlnnil), kuddani : (jrj. — Kadamb ; 'Tkl.- - 
Nir kadanihc ; T.xm. -Chinna kadninhn ; Kan. - 
Konirii, kada^a ; Mm.. -I'inibn, nirkndanibu ; Okiya 
-- Gndikainiii, niiindi, mur. 

'J'kadk — Kdini. 

A mc(lium-si/c(l to largv ikTuliious tree with 
rounded crown found iliroughoul the greater part of 
India, a.scending up to an altitude of 1,200 m. in the 
outer Himalayas. Bole oftcii short, iliited, buttressed : 
hark grey, smooth, exfoliating in scales : leaves vari- 
able, elliptic, suh-orhiculate or ohovate : llowers in 
globose heads, greenish yellow, fragrant ; capsules 
oblong : seeds minute, winged. 

The tree is generally found scattered in deciduous 
forests and develops best in well-drained deej) soil. 
It can also tolerate stiH and badly drained grotmd and 
often grows gregariously in low-lying areas around 
hanks and swamps, where it generally remains stunt- 
ed. In the Deccan Ikninsula, it is fotind on black 
cotton .soil and alltivial ground near rivers. In the 
early stages, the tree stands a certain amount of 
shade, hut later becomes a light demander. It is fair- 
ly drought-hardy. It coppices well up to a moderate 
size ( rroup, II, 622-23). 

Natural reproduction takes place by seeds scattered 
in the liot season ; some seeds remain in fruiting 
heads and germinate after they fall to the ground. 
Germination takes place early in the rainy season. 
Natural reproduction sometimes comes up freely on 
abandoned cultivation and also on badly drained 
ground. For artificial reproduction, seedlings raised 


in boxes are transplanted when 2-3 months old. Tlie 
tree grows moderately fast, the mean annual girth 
increment being 0.7 in. (Troup, II, 623). 

'J’he wood is pale yellow when first e.xposed, ageing 
to light greyish brown ; straight- or broadly wavy- 
grained, fine- and even-textured : strong, hard and 
moderately heavy (sp. gr.. c. 0.63 ; wt., 40 Ih./cu.ft.). 
Ii is liable to develop fine wavy surface cracks and 
splits at knots. Green conversion, followed by stack- 
ing in a sheltered place to prevent rapid drying is re- 
commended. The wood can he kiln-seasoned in 13-16 
days ; in .'iddition to initial steanting, it needs two 
intermediate and one final steaming at 55"G./ too* 
R.H. for 2 4 hr. The timber is fairly durable if not 
exposed ; graveyard tests indicate a durability of 
4 years. Its behaviour to preservative treatment is 
erratic ; peuetratum in some pieces is complete, in 
others it is patchy (IVarscm ^ Brown, II, 631-33 ; 
'I'rotter, 1944, 139 : Rehman, Induin For., 1953, 79 , 
369). 

The wood is c'asy to saw and work, hut if wavy or 
broadly interlocked fibres are jire.sent, considerable 
care is necessary to bring it to a smooth surface. It 
takes a fine [jolish and stains cxisily. When cut to show 
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interlocked banding to advantage, it is quite aitrac- 
live (Pearson Brown, If, 633 ; Trollei, 1944, 139). 

'fhe data for the comparative suitability of timber, 
expressed as |)ereentages of the same properties of 
teak, are: wt., 95; strength as a beam, 75; stiffness 
as a beam, 70 : suitability as a post, 75 ; shock-resist- 
ing ability, 95 : retention of sliape, 65 ; shear, 110: 
and hardness, 100. 'Pbe timber is commonly used as 
|)lanks and rafters in building construction and for 
furnilure, agriculttiral implements, cooperages, uti- 
lity brushes and boot lasts. It is used also for turnery 
and carving. It is reported to be suitable for match 
boxes and splints, calict) printing blocks and slate 
frames, and has been recommended for penholders, 
mathematical instruments and shuttles (Limaye, 
Indian For. Rrc., N.S., Tinih. Mali., 195.1, ^lieet 
No. 14: Pearson & Brown, 11, 633 : Trotter, 1944, 
139 40, 200, 207. 209, 214, 224; Rama Rao, 202: 
Rebman tV Askari, Indian For. Bull., N.S,, 
No. 199, 195b. 5 : Rebman cl al., Indian For., 1954, 
80 , 626). 

Destructive distillation of kaiin wood gave the 
following products (dry basis): charcoal, 34.1 : total 
distillate, 45.1 ; pyroligneous acid, 36.2 : acid (as 
acetic), 4.12 : ester (as methyl acetate), 4.09: ketones 
and aldehydes (as acetone), 2.92 ; methanol, 1.14; 
tar, S.9 ; and pitch and losses. 2.1‘V, : gas (at N.T.P.), 
i.SS cii.fr. /lb. Phe wood yields 1.91",, ash containing 
c. 50“,, lime (CaO). Caltuilic value of the sapwood : 
4,086 cal., 7.355 B.t.u. (Kcdare tV 'Pendolkar, /. sci. 
indnsir. Rc.*i., 1953, 12B, 217, 125: Krishna <!^ Rama- 
swanii, Indian For. Bull., N.S.. No. 79, 1932, 23). 

The tree is lopped for fodder. Analysis of leaves 
gave the following values (dry basis): crude |)rotein, 
7.73; ether extr., 3.27: N-free extr.. 60.65: crude 
fibre, 19.57 ; total ash. 8. 78 ; <alcium ((\'tO), 3.17 : and 
phosphorus (PX),), 0.56''., : digestible crude protein, 
1.47 ; total digestible nutrients. 50.0 : and starch e(|ui- 
valent, 38.56 lb./ too lb. The leaves are rich in tannin 
(2.t'.. as gallotannic acid, dry basis). Feeding trials 
with Kumaoni bullocks sht)wed that the leaves are 
not relished, resulting in poor consiiin|)tion. The 
animals showed positive balances for nitrogen and 
calcitim and negative balance for |)hosphorus (Joshi 
cl al., Proc. Indian Sci. Con^r., 1953, pt III, 242 : 
Goswami & Kcbar, ibid., 1956, pt III, 359). 

The bark and root of the tree are used for fevers 
and colic. The bark yields a cordage fibre. The plant 
contains a crystalline alkaloid (0.15'’,,), a gum, a resin 
and a wax (Kirt. & Basu, II, 1256: Clicni. Ahsir., 
1934, 28 , 1041). 


M. rotundifolia (Roxb.) Kitnt/e syn. M. diversifolia 
Kortb. ; Slcl^hc^ync diversifolia Hook. f. 

D.F.P., VI(3)‘, 360: FI. Br. bid.. Ill, 26. 

AssANt -7’/;/// ; Lcsiiai Thinglung, lunfrkhnp. 

PiiAm: Biin^a. 

A moderatc-si/ed deciduous tree with a straight, 
lairly cylindrical bole found in the hills of iAssam up 
to an altitude of 1.500 m. and in the Andaman 
Islands. Bark rough, longitudinally fissured ; leaves 
broadly ovate to elliptic or sub-orbicular : llow'crs in 
small heads, geenish white ; capsules obovatc-oblong ; 
seeds miuuie, winged. 

Natural reproduction is abundant on alluvial land 
along rivers and streams : seedlings often ('ome up on 
abandoned cultivation (Troup, II, 624). 

1 be wood is creamy white when first exjiosed, age- 
ing to pale yellowish brown, generally straight- hut 
somewhat uneven-grained in the radial plane, fine- 
and (|uite even-textured ; hard, brittle and moderate- 
ly heavy (sp. gr.. c. 0.6: wt., 41 lb. cu.ft.). It air- 
seasons well : green conversion followed by protec- 
tion of stock is recommended. It can alscj be kiln- 
seasoned with comparatively little degrade. 'The wood 
is lairly durable when not iti contact with ground ; 
graveyard tests indicate a durahilirv of 40 months 
(Pearson ».V Brown, If, 63436: (himble, 404: 
Purushotham cl al., Indian For., 1953, 79 , 4(;). 

Phe wood saws well and lends itself to working by 
hand atid machine : it turns well on the lathe if 
seasoned. The comparative suitability of binga wood, 
expressed as percentages of the same properties of 
leak, are: wt., (^5 : strength as a heain. (;5 : stiffness 
as a heam. 85 : suitability as a post, 90 : shock-resist- 
ing ability. 105: retention of shape. 65: shear, 110: 
and hardness, 105 (Pearson Brown. II, 636 ; Limave, 
Indian For. Rcc., /V.V., I'inih. Mcch., i<;54. 1 , Sheet 
No. 14). 

The wood is used for buildings, packing cases, 
photo-printing blocks, file and chisel handles and 
musical instruments and for carving and turnery. It 
has been recommended for jute bobbins, hoot lasts 
and |)ar(|uetting (Pearson Brown. II, 636: Rodger, 
4’ 7^ hH-45)- 

Following alkaloids have been isolated from tbe 
leaves and bark of tbe tree: mitraversine (Ch-JL,.. 
0 ,N.., tn.p. 237^’). rhynco|)hylline or mitrinerminc 
(ChoHo^O, Nm m.p. 20S 09""), rotundifoline (C.dL,., 
O.Nl'* ni.p. 233 34'’) and mitragynol (C.,!!.,. 
O.Na, m.p. 130°). Rhyncophylline lowers blood pres- 
sure and |)aralyses sympatbetic nerve endings (Henry, 
756-58 ; Badger cl al., J. chon. Soc., 1950, 867). 
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M. tiibulosa (Arn.) Kuntze syn. Stcphegyne tubu- 
losa Hook. f. -Naikadambu ; Mal. — M(dan 

thu 7 }iba) is a small to moderate-sized tree found in 
Kerala. The wood is pinkish hrown with close 
compact grain and works to a smooth surface. 
It is similar to the wood of A/, parvifolia and 
used for the same purposes (Howard, 559 ; Bourdil- 
lon, 189). 

MITREPHORA Hook. f. & Thoms. (Atniotiaccac) 

FI. Br. Ind., I, 7?) ; King, Ann. R. bot. Gdn 
C(dcuil(ty 1893, 4 , III. 

A genus of trees and shrubs distributed from 
South-East Asia to New Guinea. Four species arc 
recorded in India. 

A/, heyncana Thw. is a small or medium-sized tree 
found in ihc Nilgiris, Palni and western ghats in 
Travancore and Tinnevelly up to an altitude of 
c. 600 m. The wood (wt., 60 Ih./cii. ft.) is pale yellow, 
strong, moderately hard, smooth and straight- 
grained. It is suirahle for rafters (Bourdillon. 8 ; 
Lewis, 7). 

A/, tomentosa Hook. f. & Thoms. (Assam — Kolti, 
koliori) is a small or medium sized evergreen tree 
found in the hills of Assam. The wood (wt., c. 50 Ih./ 
cii. ft.) is whitish, compact and even-grained. It is 
liable to split, hut is .said 10 he used for posts etc. 
(FI. Assam, I, 38). 

MNESITHEA Kunth {Gramineac) 

FI. Br. Ind., VII, 158. 

A genus of slender, erect, perennial grasses distri- 
buted in South-East Asia. One species. A/. Inevis 
(Ret 7..) Kunth syn. Rottbocllia perforata Roxh. ; 
Mnesitbea perforata Haines (Ilya.. -PatitikUy 
kolupugaddi ; Kan. — Snnku dabbai litdlu ; C.P. & 
Bkrak Sontar)y is an erect or somewhat decumbent 
grass, 0.6- 1.2 m. high, with linear, narrow leaves 
found nearly throughout India. It is common in 
moist areas. It is .said to he of no value as fodder in 
some parts of India and used sometimes for thatch- 
ing. But elsewhere, it has been reported to be a good 
fodder eaten by cattle when young. Analysis of the 
gra.ss (from Indonesia) gave the following values 
(dry basis): protein, 3.93; fat, 0.75: carbohydrates, 
42.37 : lihre, 44.23 ; and ash, 8.72% (Witt, 232 ; FI. 
Madras, 1761 ; Rhind, 76: Walandouw, /. sci. Res. 
Indonesia y 1952. 1 , 201). 

Mock Strawberry — see Duchesnea 

Modecca — sec Adenia 


MODIOLA Moench {Malvaceae) 

Fyson, I, 57. 

A monotypic genus, represented by M. carolmianay 
native of America and S. Africa. 

M. caroliniana (L Don syn. M. 7 nultifida Moench 
is a small, much-branched prostrate herb with long- 
petioled, roundish, deeply cut leaves and small, pink 
dowers. It is reported to be introduced and naturaliz- 
ed in Ootacamund, covering the bank of streams. 
Tbe plant is suspected to be poisonous, causing 
staggers in sbeep in Australia (Webb, Bull. Conn. sci. 
induslr. Res. Aust.y No. 232, 1948, 104 ; Connor, Bull. 
Dep. sci. industr. Res. N.Z.y No. 99, 1951, 46). 

Molasses Grass — see Melinis 

MOLLUGO I aim. (Aizoaceae) 

A small genus of herbs distributed throughout 
the warmer regions of the world extending into 
Europe and N. America. Four species occur in India. 

M. cerviana Set . 

D.E.P., V, 254 : FI. Br. Ind., II, 663 ; FI. Malesiana. 
Ser. I, 4(3), 268 ; Kirt. & Basil, PI. 473C. 

BY \ G . —Gliimasak ; Mar. — Rada ; Tki.. -Parpala- 
ka^nu : Tam. — Parpadagam. 

An erect slender annual, 7.5-20.0 cm. high, found 
in dry and sandy localities in upper Gangetic plain, 
Rajasthan, Gujarat, Deccan. Carnatic and Oris.sa 
(Puri). Leaves in whorls of 4-8 at each node: radical 
leaves rosulate, spathulate, linear-spathulatc or 
ohovate, caulinc leaves falsely wborled or .opposite, 
linear-oblong or sub-spat hulate : flowers numerous, 
in cymes : cajisiiles globose with many pink-chestnut 
or yellowish seeds : root aromatic. 

'Ihc herb is considered stomacbic, aperient and 
antiseptic ; flowers and tender shoots are iliaphoretic 
and given in fevers. An infusion of the plant is given 
to promote lochial discharge. Oil in which roots are 
boiled is used as an application for gout and rheuma- 
tism. An alcoholic extract of the plant shows anti- 
bacterial activity against Escherichia coli (Nadkarni, 
I, 804: Kirt. & Basil, II, 1186: (ieorge el al., J. sci. 
indusir. Res.y 1947, 6B, 42). 

M. nudicaulis Lam. 

FI. Br. Ind., II, 664. 

Madras — Parppadaga ni . 

An erect slender annual found in the hotter parts 
of India. Leaves radical, crowded, oblong-.spathulate 
or elliptic ; flowers dull white, in di- and tri-choto- 
mous cymes : capsules ellipsoid with many black 
seeds. 
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FIG. M6. MOLLUGO NUDICAUMS-FLOWIiRING BRANCH 


'rhc pljim is ])iiicr and considered pectoral ; it is 
used in allircpy and whooping coiigli. Leaves are 
applied to boils to draw our pus. Six saponins 
have been separated from the plant (Kin. 6 c Basil, 
II, 11S6-S7; l)al/.iel, 30; Chew. Ahstr., 1959, 
53 , 17246). 

M. pentaphylla Linn. syn. A/, stricta Linn. 

1 ).K.P., V, 255; FI. Br. Ind., 11 , 663: FI. Male- 
siana, Scr. I, 4(3), 26S ; Kirt. ^ Basu, PI. 473B. 

Bkn'c. — Klicl‘pap(ira, julpap'ra ; Mar. — Jharasa ; 
I’kl. — Verrichatarasi ; ''Pam. — Parpadakam ; Mal. - 
Ihirpaclakfipitllu ; Oriya — Pita-gohini. 

M r M) A R I - A / a ra k a I a, pirigarun di. 

An erect slender, much-branched annual, up to 
30 cm. high, common in dry as well as moist areas, 
stony localities, rocky patches, cultivated fields, 
waste places and along railway lines, almost through- 
out India ascending up to 1,500 in. in the hills. 
Leaves falsely whorled or opposite, linear-lanceolate 
to ohovatc : flowers white, greenish, orange or 
pink, in terminal compound cymes ; capsules globose 
with many dark reddish brown seeds : root 
fragrant. 

Tbc plant is eaten as pot-herb. It contains carotene 
(3.6 mg./ 100 g.), traces of vitamin C, a saponin and 
potassium nitrate. It is considered stomachic, 
aperient, antiseptic and emmenagogue and is used in 
|)oultices for sore legs. Leaves are bitter and 
antiperiodic : they arc warmed after smearing with 
oil and applied to the ear to relieve earache 
(Basu cl ill., J. Indian chew. Sac., 1947, 24 , 358 : 
Biirkill, II, 14S4; Kirt. & Basu, II, 1185; Nadkarni, 
1. 805). 

Mollugo spp. — scr Glinus 


MOLLUSCS (Phylum Mollusca) 

Pelscneer, pt V, Mollusca, 1906 ; Fn. Br. Ind., 
Mollusca, I-IIl, 1908-21 ; liorncll, Indian Molluscs, 

Molluscs are soft-bodied invertebrates comprising 
such diverse forms as whelks, snails, slugs, oysters, 
cuttlefish, squids, octopods, nautilus, etc. Though 
externally varying, they arc remarkably uniform in 
internal organization: the body is divisible into 
three regions, viz. anterior or head region : ventral 
region or foot, which is the chief organ of 
locomotion ; and dorsal region or mantle, covered 
(in a majority of forms) by a jirotectivc shell, 
formed of the secretion of the mantle itself. Shell 
of a mollusc is composed of an outer horny 
layer, a median prismatic layer of lime salts 
and an inner pearly nacreous layer ; it is greatly 
variable in shape, structure and colour, forming an 
outstanding external feature in the animal. 

Molluscs are distributed throughout the world 
and are essentially aipiatic. Most of them inhabit 
the sea : some live in estuaries and fresh water while 
others are terrestrial. Generally they are free living 
and sluggish : they move about by crawling, swim- 
ming. burrowing, and even climbing : some arc 
strong swimmers and predatory in habit. A few live 
floating in the sea. More than 7 o,(H)o species of 
molluscs are known and they range in size from 
snails less than 1 mm. in length to giant s(|uids more 
than 15 m. long. 

Phylum Mollusca is divided into five classes, viz. 
Awphineura, Gastropoda, Scaphopoda, I.afnelli- 
branchia (Pelccypoda or Bivalvia) and Cephalopoda ; 
of these the following three classes alone are econo- 
mically important. 

Gastropoda — This constitutes the largest class of 
molluscs containing 3 o,o(M) 40.000 species ami 
includes snails, slugs, limpets, whelks, periwinkles, 
etc. The most characteristic feature of the class is 
the spirally coiled .shell of one piece : the shape of 
the shell, however, varies greatly. Rarely, as in .sea 
slugs, the shell is either reduced or absent : in 
cowries, it is partly covered. Nearly 2(K) families of 
gastropods are known ; they inhabit the land, fresh 
as well as salt waters. Most of the gastropods are 
vegetarians and the land forms are usually found on 
and under plants : in the .sea, the shallow waters of 
the littoral zone with abundant seaweeds form their 
favourite habitat. Many families are carnivorous. 
Life histories of gastropods are often complicated 
with larval stages. 
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Lamrilihranchia [Pclccypoda or Bivalvia ) — 
f^anicllihranchs form the second largest class of 
molluscs and include cockles, oysters, mussels and 
clams. 'The shell is composed of two valves hinged 
on the hack hv an elastic ligament, on account of 
which they are popularly known as Bivalves. Most 
of the forms are marine : a few families inhabit fresh 
water. In general, they arc burrowing in habit, living 
half-buried in muddy or sandy bottoms ; a number 
of forms are com|detely sedentary remaining attach- 
ed to hard substrata hy thread-like byssus of the foot 
or by one of their sliell valves. \ few forms burrow 
into submerged timbers, and commensal and para- 
sitic ty[)es are also known. Some marine forms 
extend to a depth of ::,70o fathoms (4.94 km.). Life 
histories of bivalves pass through larval stage.s, 
which undergo remarkable changes before assuming 
ad t il t characterist its. 

('('plialopod/f — This class includes cuttlefish, 
scjuids, ociopoils, nautilus and other allied forms. 
The name cejihalopod is derived from the fact that 
the head and foot are merged into a single mass. At 
the anterior end of the heat! eight or ten arms, pro- 
vided with a large number of suckers, arc present in 
a circle enabling the animal to cling tenaciously to 
anv object. Generally, the shell is degenerate and 
concealed within the body. The shell of nautilus is 
external, large and s|)irally coiled with numerous 
chambers of which the last in the series is occupied 
hy the animal. A characteristic organ, the ‘ink sac*, 
opens into the rectum and contains a dark fluid 
whi('h ('an be poured into the sea water, where il 
forms a ( loud and serves as a means of concealment 
and escape from enemies. Gephalopods are marine 
animals : some are found in brackish water and a 
few are fossorial : most of them inhabit the open sea 
up to a depth of 2,600 fathoms (4.75 km.). They are 
extremely active and aggressive and prey on fish, 
crustaceans and otlicr molluscs. Many of the deep 
sea forms are luminous. I.ife histories of cephalopods 
are simple, young ones resembling the adults on 
hatching | Kncyclopaedia Britannica, XV, 674-77 : 
Cooke, A.ll., lir, 1-459: Regan, 4S -64 : Thomson, 
4.^7 ' Bycraft, 102-47: Ihichsbaum, iSi 206: 

Annandale Prashad, Rrc. ffidlan Mus., 1919, 16 , 
241 : Prashad, il)id.. i(;2o, 19 , 165 : 1(921, 22 , in, 157 ; 
1925, 27 , 405 : 1927, 29 , 2S3 ; 1933, 35 , 1 ; Comiier, 
/. Bombay nal. Hist, Sac., 1(906, 17 , 207 : Dalgliesh, 
ibid., i(;o7-(iS, 18 , 92 : fda Colthurst, ibid., 1928-29, 
33 , 380, 552, S28 : Patil, ibid., i(;5i-52. 50 , 549 : 
1952 53, 51 , 29: Rensch, ibid., 1(955-56, 53, 163; 


Satyamurthi, Bidl. Madras Covl. Mas., N.S., 1952 
1(2), pt 6 : 1(956, 1(2), pt 7|. 

Molluscan species important from the jioint of 
view of fisheries and those fished for shells and pearls 
arc mentioned under Kisii & Fisiikries (With 
India — Raw Materials, TV, suppl.) and Oysters 
(Edible and Pearl) (With India — Raw Materials, VII). 

Molluscs as food — Among the edible gastropods, 
limpets (Palellidac) are collected for foocl in some 
parts of the Madras c(^ast. The more common among 
them are Ccllaua radiata Born and an allied species. 

The flesh of ear-shells {llaliotidac) is esteemed as 
food. Haliotis {Ilaliotis) varia Linn, is found attached 
to rocks and boulders at and below low tide level 
and seldom exceeds 3(8 mm. in length. 

Among the top-shells [T rochidac), the flesh of 
Trochus iiiloticus lann. and T. slcllalus Gmelin is 
eaten in South India. The turban-shells (Turinuidar), 
Turbo bruuucus Roding and T*. utanuoralus Linn, 
are, however, preferred. Large (|uaniilies of the 
burton-shell, U fubouium (Rolclla) vcsliariiim (Linn.), 
a trochid, are collected along the Bombay coast and 
eaten as a delicacy. 

The flesh of the apple-snail, iHla ^rlobosa (Swain- 
son) (Pilidar), is collected and eaten in several locali- 
ties in lanjore and I'irunelveli districts of Madras 
State. The snail is commonly found in lakes, tanks, 
marshes, ponds and paddy fields. 

I lorn-shells (Ccrithiidar) are esteemed as whole- 
some food in the Philippines. The only species used 
as food in India is I'rlrscopicum trlrscopicuur Linn, 
found in abundance in the swamps of Gangetic. 
Krishna and (hxlavari deltas and also of the Konkan 
coast. 

I'wo species of wing-shells (Strot>ibidac), (om- 
monly collected for food, are Strom bus cauarium 
Linn, and scorpion-shell or five-fingered chank, 
Lambis (Ptcroccra) lambis (Linn.) : the former is 
abundant in the shallows of the Palk Bay and the 
Gulf of Manaar : the latter is found on both the 
coasts and when fully grown measures 17.8 cm. in 
length and 8.9 cm. in width. 

The naticids (Naticidac) occasionally collected for 
food are Natica marochiensis ((hnelin) and a few 
other species found on sandy shores. 

Cowries (Cypracidac), several species of which are 
common along Indian coasts, and tun-shell, Tonna 
(Dolium) dolium Linn. (Ampliiprratidac), arc only 
occasionally eaten. 

I'hc flesh of the sacred chank, Turbiuella pyrum 
I. am. {Turhincllidac), is eaten dried, fried and in 
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curries in some coastal areas. The dog-cliank con- 
sumed by lishermeii in coastal areas is Mclongena 
sp. ; this is common at the mouths of backwaters. 
Among the knobbed chanks [Fasciola riidac), the 
s[)ecies occasionally used ,as food is Fastis [Hcniu 
fasus) pagilinas (Born), which often grows to a large 
si/e. 

'riie only species of true whelks (Baccinidac) 
ufili/ed for food in India is Cantharus (Canlharas) 
sjyi rails (Cvixy) ; it is collected on the Konkan coast. 

The purple shells (Thaididac) occasionally used as 
food are Thais bufo (Lam.), T. rudolphi (Lam.) and 
T*. caritiifera (Lam.) ; the first tw^o grow to c. 5 cm. 
in length, and are collected and eaten in the coastal 
areas of Ramnad and Tirunelveli districts of Madras 
State. T. caritiifera is collected in considerable ipian- 
tities along the Bombay coast. 

Of the volutids [Volatidac) the great meloti-shell, 
Mclo iudica Gmelin, is utilized for food : adult 
melon-shell is globular in shape and attains a length 
of c. 20 cm. It is found all along the Indian coast 
hut is particularly common in the Palk Bay at a 
depth of 5-6 fathoms (9-11 m.). 

The olive shells [Olividac) extensively utilized as 
food by lishermen on the Coromandel coast belong 
to Oliva spp. ; they arc common on the east coast of 
India, but scarce on the west coast. The main collec- 
ting season is Kehruary-April. The catch is boiled in 
fresh water to extract the flesh to be used either in 
curry or fried in oil. 

The imperial snail, AriophatUa sp. [Zoiiitidac), is 
occasionally eaten by tribes inhabiting teak forests 
in Cochin : it grows to c. 6.4 cm. in diam. 

Bivalves most commonly utilized for food include 
edible oysters [Ostrcidai^, sea-mussels [Mvtilidac) 
and clams (Vcticridac), 

All important commercial species of edible oysters 
belong to the genus Crassostrea Sacco and are in 
demand in cities like Bombay, Calcutta and Madras. 

'fhe backwater oyster, Crassostrea madrasensis 
(Preston), is tommonly found to be confined to the 
southern regions on the west coast but widely dis- 
tributed in all estuaries and backwaters of the east 
coast. It is good food, readily available from the vast 
natural resources. The rock oyster, C. cucullala 
(Born), occurs along both the coasts, but is more 
common on the rocky coasts of Bombay and 
Karwar. 'Lhe divse: oyster, C, discoidca (Gould), and 
C. gryphoides (Newton & Smith) are fished for food 
from the creeks of Kutch, Dwarka, Bombay, Ratna- 
giri, Jaytapur, Karwar, etc. on the west coast. 


Two species of sea-mussels grow to a large size in 
Indian waters ; they are the luown mussel, Mytilas 
sp. ( Fam. — Kallika, kadalka ; Mal. — Chippi, 
mallinva) and the green mussel, Mytilas viridis 
Linn. The former is consumed by fishing folk in the 
rocky coastal tracts of south Travancore and Tirimel- 
veli district on the cast coast. It is usually eaten 
after boiling with tapioca roots or rice. It may be 
sun-dried without loss of glycogen or protein ; the 
dried material is tasty and keeps good for a number 
of days. The llesb of the green mussel is relished in 
Malabar and northern Travancore. Hie bearded 
weaving mussel, Modiolus [Modiolus) harhatas 
(Linn.) (Tam. — Sarati), occurring in great abundance 
in the Palk Bay and pearl bank region of the Gulf 
of Manaar, is also used as food. 

Hie more important clams used as food are : Back- 
water clams, Mcrclrix mcreirix (Linn.) and M. casta 
Deshayes ; cockle clams. Cafrariata [Cafrariam) 
tamidinn Roding and G. [Circe) divaricatam Gmelin 
(Tam. — Vari aiatli) ; false clams, Faphia malaharica 
Dillwyn, P. marmorata (Reeve), P. textile Gmelin, 
Katelysia [Kamarcia) opima (Gmelin) ; and black 
clam, Velorita cvprinoides ((^ray). M. awretrix 
attains a length of 74-75 mm. and a depth of 
60-62 mm. : it occurs in extensive beds along 
Bombay, Alibag, Ratnagiri, Jaytapur, Karwar, 
Kodibag, etc. on tlie west coast, but is comparatively 
rare on the east coast. A/, casta (av. length 35 
40 mm. X 25-28 mm. depth) is collected in abun- 
dance from all estuaries aiul backwaters of both the 
coasts : it is nearly as important a food mollusc as 
edible oysters. G. latiiidam inhabits the tidal 
mudflats and is plentiful in the Palk Bay and the 
(hilf of Manaar where it is greatly esteemed by 
shore dwellers. G. divaricatam is found along the 
Bombay coast. Clams are generally marketed alive ; 
to remove the flesh, the shells are broken or the 
clams boiled in water for c. 20 min. Papliia spp. are 
found along both the coasts, but arc particularly 
abundant in the vicinities of Karwar on the west 
coast. K, opima occurs under marine as well as 
estuarine conditions in all shallow water regions. 
F. cyprinoides is peculiar in its distribution in that 
the living forms are confined only to the west coast 
backwaters and estuaries, whereas its dead shells 
occur in sub-fossil deposits on the east coast. 

The ribbed ark-shell, Area granosa Linn. 
[Arcidae), is widely distributed in sandy back- 
waters and estuaries along the Indian coast ; its 
flesh is red and though tough, it is considered to be 
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nutritious. Ir scUiom exceeds 53 min. in length and 
43 mm. in thickness. The true scallop, Chlatnys 
senaioria (imcliii [Pcctiiiidac), inhabits deep waters 
and is reported to possess a high food value. The 
false cockle, Cardita hicolor Lam. (Cardiiidac), is 
common on coarse sandy bottoms in shallow hays. 

The freshwater mussels, l^atucUidcns niar^iHalis 
(I^am.) and Parreyssia spp. (U nionidav), are widely 
distributed and used as food. 

The wedge-shells or wedge clams, Dotiax cinicatus 

Linn. (Iam. Mural, vazlii matii) and D. scorlum 

Linn. (Donacidac), are greatly valued as food by 

lishing communities, specially in some parts of 
South India. D. ctmralns is abundant between tide 
marks at a short distance helow' low' tide level, hut 
never enters hackw'aters : ir is plentiful on the east 

coast. The adult attains a length of c. 40 mm. 

D. scortuui is much less common, hut is bigger, 
attaining a length of c. 63 mm. 

Mesodesma frlahraiinu (I.am.) (Mesndesmatidae) 
is found in intertidal /ones of oceanic islands and is 
occasionally used as food. The violet clam, Mactra 
corhictilouics Deshayes (Mactridac), is • found in 
shallow hays oti sandy shores ; it is particularly 
common in the region of Adam's Hridge. Cardium 
asialkum Bruguierc [Cardiidac), know'll as Asiatic 
cockle, is found on all sandy coasts ; it attains a 
length of c. 51 min. 


Holy-water clams or giant clams, belonging to the 
genus Tridacna Bruguiere (Tridacnidac), are some- 
times consumed as food ; they are found on coral 
reefs, particularly in the Gulf of Manaar and on the 
Andaman coast. 

Sangiiiuolaria (Solcirllina) diphos ((Amelin) and 
S. (Solctcllina) a I rata Deshayes (CMaridac) are some- 
times eaten ; the former is fairly common on the 
Coromandel coast and the latter on the Konkan 
coast. S, diphos grows to c. 127 mm. in letigth and 
is the bigger of the tw’o. 

"I he species of ra/or-shells (Sohondaa) used as food 
are Solru innicalas Sowerhy and S. hrrvis Hanley, 
common on the Bombay coast ; they live buried at 
depths of 15 31 cm. in sandy hays as well as in deep 
waters and are 76-102 mm. in length. 

"I’he edible cephalopods found in Indian waters 
are not many ; Sepia aculeala V. d'Orh., S. rostrata 
(V. 6: d'Orh.), S. roaxii F. tV d*()rh., and Sepiella 
oicnuis (F. d'Orh.) among the cuttlelish, Sepiotca- 
this arctipiiniis Gould, l.oli^o indica Pfeifer, L, 
alfinis Koning, L. Iiardzcickii Grav and L, davaiicclii 
d'Orh. among the s(|ui<ls, and Octopus hcrdmaiiii 
(Hoyle), (). hou^kont^ensis Ilovle, (). oc to podia 
Hoyle, (). ftivotiia Hoyle, (). incirtus Hoyle and 
O. ruirosiis (Bose) among the octopi are the cephalo- 
|)ods which are commonly iitili/ed as food. 
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consumed. The meats of mussels, oysters, clams and 
gastropods, in their fresh condition, are stewed or 
treated with spices and fried or made into 
curries. The Hesh of scpiids is cither baked or 
minced. When they occur in abundance, the 
clam meats, s(|uids and the flesh of chanks are sun- 
dried and such products are prepared, as in the 
case of fresh ones, after softening them by soaking 
in water. 

Table i gives the chemical composition of few 
important edible Indian molluscs. 

Molluscs us food of marine life- Molluscs also 
serve as valuable food of various marine forms. The 
larvae of the bivalves and the young or the smaller 
species of adult gastropods, like pteropods, appear in 
such abundance in certain seasons that the zooplank- 
ton feeders among the commercial species of lish to 
a large extent depend upon them for their food. The 
bottom dwelling fish like the skates and the rays feed 
mostly on the Invalves and the gastropoefs. Whales 
and porpoises to a large extent subsist on shoals of 
squids and other cephalopods. Kven in freshwater 
habitations a number of molluscan forms serve as 
food for fish life. 

As /^rtU—Cuttlefish, S(]uids and octopods are cut 
into strips and used as efficient bait in hook-and-linc 
fishing of various commercial species of fish on both 
the coasts of the country. In the south-eastern coastal 
villages bordering the Palk Bay octopods for hair 
riG. 150 . SFPio'iEUTHis ARCTiPiNNis ured in specially devised traps for which the 

Prcparalion of molluscs for food All molluscs arc fingered chank shells are very largely used. Fishcr- 
prejiared suitably to the taste before they are men collect the bait sheltering within the shells. 

TARI.E l-CHEMICAL COMPOSITION OF A FEW IMPORTANT EDIBLE INDIAN MOLLUSCS 
Species Kdihlc CUirbo- 



porlioti 

Moisture 

Brotein 

Kat 

hydrates 

Ash 

»,/ 

o 

Ca 

f) 


Iron 

mj^./lOO 

Apple-snail (Piht i^IohostiY 


74.1 

10.5 

0.6 

12.4 

2.4 

0.87 

0.12 


Sacred chank {Tnrhinella 
fiyrnfnY 

5 

67.5 

24.84 

0.82 


1.84 

0.15 

0.09 

2.71 

Backwater clam (A/crc/r/v 
vasla)'* 

7.62 17.72 

75. IS S4.()2 

5.96 12.29 

0.5 1. 89 


0.67 2.51 

0.06 (1.57 

0.11 0.20 

1.42 I6..S6 

Backwater oyster 
(Crnssostrra madra- 
st'iisis)'\ 

5.05 17.56 

76.67 S5.04 

5.11 15.51 

1.56 5.07 


0.52 2.06 

0.04 0.40 

0.10 0.21 

2.55 29.65 

CJreeii mussel 
{My til ns -iitidisY 

42.S 

81.46 

9.92 

1.97 


5.04 

1.84 

0.16 


Treshwatcr mussel 

{La meU ideas am ri^i mdi s)' 


79.45 

14..S0 

1.61 

2.15 

2.51 

0.59 

0.41 



'Hhh Buli, No. 2.^, m\, 52 \ Vcnkaiaranian & Chari, Curr. ScL, 195.^, 22, 22; 

' Wnkatarainaii & Chari, Imlinn J. mni. Res., 1951, 39, 555; ‘Chari, ihid., I94H, 36, 2.S5 ; 
■•Mifra & Miiira, ihid., 1945, 33, 91 ; 
t On dry wt. Iiasis, 
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FIG. 151. TUKBINELLA PYRIIM 


Mussels, clams and gastr()[)()ds are also often used 
as fish bait. 

Medicinal uses — ^Thc sacred chank, Turbinella 
pyruin (Sans. — Sanklia ; Beno.- -Sankh ; Tam. — 
SaufTu) is widely used in the indigenous system of 
medicine. After burning, the residual lime is used 
for dyspepsia, piles, general debility, and some skin 
and lung diseases. Calxed shell or hhasma is used 
as demulcent and cardiac slimulanl. The soft parts 
of the chank arc used for spleen enlargement in 
Bengal. Cowries such as money cowrie, Cypraea 
moneta Linn. (Sans. — Varatika ; Hindi & Benc. — 
Cowrie ,* Bombay 6c Madras — Kavadi), are also much 
used in medicine, more or less for similar jiurposes. 
The flesh of the apple snail. Pila glohosa, is iLsed for 
sore eyes in South India. Land-snails have also been 
used in medicine : the shell of Acliatina fidka Ferus- 
sac (Bombay — Nnkhala) {Stenogyridae) is used in the 
preparation of medicated oils. 

Seed pearls produced by the windowpane oyster, 
Placuna placenta Linn. (Anomiidae), which arc often 
misshapen and too soft for jewellery, are used in the 
treatment of eye diseases. The pearls produced by 
the black-lipped pearl-oyster, Phictada margaritifera 


(Linn.) (Pteriidae) (Sans. — Mukta ; Hindi — Moti ; 
Bombay - A/o/7 ; Madras- -M u I tu), are used medici- 
nally in the form of ash or hhasma. The flesh of the 
edihle oysters, Crassoslrea madrasensis and C. gryp- 
lioides (Hindi — Si pi ; Ben:;. Jalasukti, jltintd^ ; 
Bombay— X rt/t/), is acrid and used as demulcent. 
Seed pearls obtained from freshwater mussels are 
credited with invigorating properties. Large ejuanti- 
lies of sea-mussels are utilized in the manufacture of 
vitamin products. 

Cuttlefish bones of Sepia spp. (Sans.- Samudra- 
phena ; Hindi Samudrajhag, dar\a-kaj) are used as 
antacid, astringent and sedative. 

Ornaments and jezeellcry -MoWusciin shells are 
extensively used in the manufacture of fancy goods 
and inlaid ariware. The mother-of-pearl lining of the 
ear-shell, lialiolis (Haliotis) striatus Linn., is gorge- 
ously coloured and is used in decorative inlaid work, 
lac(]iier work, handles for cutlery and trays. Top- 
shells of the genus Troc/ius Linn, and turhan-shells 
of the genus Turbo Linn, are important commer- 
cially because of the thick and beautiful mother-of- 
pearl lining of their shells. 'I'he shells of Trociius 
niloticus and Turbo marmoralus are in great 
demand for the manufacture of pearl buttons, studs, 
brooches and other ornamental ware. The large 
pearly shell of T. marmoralus is employed by 
jewellers and lapidaries in japan and India : it is 
also used in the ornamentation of screens, boxes and 
trays : the aciuamarine work of Jaipur, in whii h the 
pearly shell is employed, is well known. The opercula 
of some Turbo species are stout, massive and plano- 
convex in shape ; they are large (diam.. (*. 5 cm.) and 
heavy enough to be used as paper weights. Rings 
and brooches are also cut from the opercula of some 
Turbo species, Trociius niloticus and Turbo mar- 
moratus have been fished in the waters of Mergtii 
Archipelago and the Andaman and Nicobar Islands 
for the past several decades : they occitr on coral 
reefs and rocks above the ten-fathom (1S.3 m.) line 
around the islands. 

The variegated shell of 11 mhonium (Rotclla) 
vestiarium (c. 6.4 mm. across), varying in colour 
from pinkish white to brown, is tised in the orna- 
mentation of shell-boxes ; this species is collected 
along the Bombay coast and millions of shells arc 
exported to Kurope. 

The shells of Strombus canarium are made into 
finger rings and necklaces. Some species of cowries 
are used in car-rings and necklaces and for ornamen- 
ting dresses, belts, shields, etc. 
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The shell of a species of Triton Montfort Turhinclla rapa Lam., is used as a receptacle for oil 
(Tritouiddc) is used as a trumpet and as a musical in temples ; it is also used as a bowl by sadbus. 
instrument, most commonly in temples. Small specimens of banded shells and knobbed 

Ilelmel-sbells [Cassididac) of the larger species of chanks, belonging to the species of Fasciolaria I^ara., 
the genus Cassis Lam. are utilized in cameo-carving, are strung together into necklaces. The sj)indle-shells 
The species found in Indian waters, commonly of the genus Fusus Lam. are used by fishermen as 
utilized for this purpose, arc Cassis (Cypraecassis) lamps in fishing boats. The shells of gastropods of 
rufa Linn, and (Cassis) cornuta Linn. ; the shell the genera Cyvihiuni Rafine.s(|ue, Dolittni Lam., 
substance consists of several layers, all differently Ptcroccra Lam. and Aftirex Linn, are used as lamp 
coloured, and lends itself admirably for carving. The shades. 

latter species is the largest and the heaviest among Because of their beauty of form and colour mark- 
the Indian gastropods and is usually found at a ings, molluscan shells have been favourite objects 
depth of S-io fathoms (14.6 18.3 m.) on pearl hanks with curio collectors. Rare shells, like that of 
in the Gulf of Manaar and around Laccadives. The Cofius spp., fetch extravagant prices ; shells of Mvlo 
shell weighs c. 2 kg. and is comparatively rare. I’he spp. are handsome. The utilization of cowries as 
former species grows to c. 15 cm. in length and is of currency and for bartering purposes till the early 
reddish tint ; it is common in Laccadive waters. parts of the present century is well known, but has 
C’hank shells arc used for bangles, heads, pendants, now only anti([uarian interest. Small cowries and 
rings and a variety of other articles : the horny lid other gastropod shells of the genera 7 Voc ////5 Linn., 
or the operculum is made into a paste for use in Milra I^am., Ilamiuca Leach, Ncrita Linn., etc. are 
incense sticks or dhap. 'I'he shell of Indian chank, commonly used in indoor games iti India. 
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Among bivalves the shell of the windowpane 
oyster, Plactma placenta, is used for gia/.ing windows 
and verandah roofs : the shell is peculiarly soft, and 
both in appearance and substance, it resembles mica, 
particularly when immature. Considerable (juantities 
of pearls are produced by the windowpane f)ysier but 
they arc of minor importance. 

The common freshwater mussel, LamclUdens 
marfrhialis, produces pearls of fair tjuality in large 
numbers ; they arc collected aiul sold in South 
India : the pearls have a reddish tint and are less 
lustrous than those of marine oysters. Pearls of poor 
lustre arc also reported from the green mussel, 
Mytilus viridisy from Sonapur backwaters. 

Among cephalopods, shells of Pearly Nautilus 
[Nauiihdac) are used in decorative ware, e.g. ash 
trays and incense-stick stands : they are discoidal in 
form and often reach to 13 cm. in diam. They are 
thrown ashore during monsoon storms and fetch 
high prices. 

The cuttlebone of Sepia spp. is used by cabinet 
makers and glaziers for polishing purposes : fine 
grade wood aci|uires a high polish when treated 
with cuttlehone. The collection of bones during the 
monsoon when cuttlelish drift ashore is a minor 
industry in some parts of the Indian coast. A 
dark hrown pigment, called sepia, is obtained from 
the ink-.sac of cuttlefish and related forms. It is 
extracted by boiling the material with caustic soda, 
filtering the extract and then adding hydrochloric 
acid for precipitating the colouring matter. It con- 
tains a black pigment, melanin (78 ’,,), and is used 
for imparting tone and background to |)hotographs 
and art work. 

Ink-sacs of s(]uids, belonging to LoUgo spp., are 
the source of an ink which is permanently black and 
is used chiefly in water-colour painting. 'Pbe ink 
contains melanin and is extracted in a manner 
similar to sepia. 

Lime manufacture The production of lime from 
molluscan shells is an important industry in the 
coastal areas of India. Shells of various species of 
gastropods and more especially bivalves are gathered 
in large ejuantities from the surf-beaten sandy shores, 
estuaries and backwaters. The shells collected for the 
purpose include tho.se of the genera Triton Montfort, 
Stromhus Linn., Lambis Roding [—Pterocera Lam.), 
Area Linn., Nerita Linn, and broken cowries. The 
shells of freshwater mu.ssels and sea-mussels are 
also used for lime manufacture. Horn-shells 
{Cerithiidae), which lie exposed to the sun on the 


seashore in abundance, yield a good t|iiality of lime. 
An almost inexhaustible (|uarry of cockle shell 
(Arcidae, Cardiidae, Pectifiidae and Solenidae) lies 
near the village Jura, two miles (3.22 km.) from 
Ratnagiri, on the wc‘si coast of India. Other abun- 
dant sources of shells are the sub-fossil deposits of 
the Pulicat Lake area near Madras, Surla in Orissa, 
Veinbanad Lake in Kerala and Kadalundi in 
Malabar. 'Fbe chief species of these deposits belong 
to the genera, Meretrix Lam., Velorita Gray, Area 
Linn., Cardium lann., Cardila Uruguiere, Pccton- 
cuius Latr., Turbinella Lam.. Rapana Schumacher. 
Murex Linn., Nalica Scopoli, Umlnmium Link. etc. 

Lime produced by burning mollu.scaii shells is of 
superior (pialily for use in masonry construction and 
white washing. It is used also as a fertilizer. The 
shells arc directly used for the production of high 
grade cement at Kottayam, Kerala State. 

Miscellaneous uses — Some of the liner shells, such 
as those belonging to the genera Placufia Bruguiere, 
Spirilla Lam., Dolium Lam., and of cockles (chiefly 
Lardiidae), are used in the manufacture of tooth 
pastes. The shells are collected in Tuticorin and sent 
to Calcutta and Madras for this purpose'. Waste 
shells of Trochus Linn, and Turbo Linn, and cuttle- 
lish bones are used in tooth powders. In South 
Travancore, shells of the brown mussel, A/vZ/Vz/.s sp., 
are used as manure for gardens and coconut farms. 
Sea-mussels are also considerc'd useful as fertilizers 
for the soil. 

Harmful molluscs Marine borers belonging to 
the families P/ioIadidae and Teredinidae of Hivalvia 
cau.se considerable damage to underwater wooden 
construction, wooden sailing craft and floating 
timber, particularly in the tropics. 'The sea lishing 
industry which depends mainly on wooden cata- 
marans and boars, is reported to sulVer an annual loss 
of about a crore of rupees as a result of borer 
damage. 

Martesia striata Linn, is a common burrowing 
pholad found along the coasts ; it is also reported to 
bore into floating wood up to a depth of 17 m. in 
the .sea. Several species of teredinids or shipworms 
belonging to the genera Teredo Linn, and Bankia 
Gray are particularly destructive. A few important 
among them are: Teredo manni (Wright). 7 \ diedri- 
chseni Roch, Bankia carinata Leach and B. com- 
panu'ellata Moll. Some common species of Teredo 
attain a length of i m. or more, with a diameter of 
c. 6.3 mm. They start burrowing in the wood when 
cjiiite liny and continue to live in the burrow. 
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Although the naiiiral resistance of ditTereni tnnhers 
to i)()rer attack varies, even the hardest wood is not 
iinmiinc and protection of underwater woodwork by 
metal sheathing or suitable coating comj)ositions is 
essential. 'I'he common j)ractice in India is to liaul 
the vessel ashore and after careening and drying, to 
daul) underwater parts with a mixture of lime, 
dammar and oil. Canoes and small boats are hauled 
ashore at fre(]uent intervals and their bottoms 
smeared with rancid fish oil, foul enough to deter 
shipworm larvae. Paraflin soluble ])oisons are also 
used as preservatives. Temporary protection is 
secured hv soaking in creosote. "I’he use of conc rete 
alxne wharves and docks reduces damage by 
shipworms. 

The big land-snail, Achatina fulica, is a recognized 
pest of vegetable gardens. Land-slugs of the genus 
Vair'Diula bVnissac (VvrnnkclUdtic) are reported to 
be serious pests of vegetable crops like brinjal, 
tomato, chillies, caulillower, cabbage, etc. in Andhra 



FIG. nj. WOOO TNFI-SThn BY TERKDO SP. 


and Madras States during September-March : 2% 
meialdehyde in bran is reported to be effective in 
controlling the slugs. The bites of .some species of 
cones [Conulac) and octopods are reported to be 
poisonous. 

Some genera of pulmonate acpiatic snails act as 
iniermediare busts in the transmission of diseases to 
man and domestic animals. The diseases arc caused 
by parasitic larvae of digcnetic trematode worms 
which inhabit the digestive organs of snails. At a 
certain stage of their development, the parasites are 
left behind hv the intermediate hosts on the grass 
and other herbage in flooded fields and in streams: 
sheep, goats and other cattle grazing in the lields and 
visiting the streams get infested and the flesh of 
these animals, unless pro|)erly cooked, is a source of 
infection for man. For a detailed account .see 
pAR.\.smc WoKM.s (With India Raw Materials, 
VH) I Encyclopaedia Britannica, X, 6t; : Burkill, 
I, 5[i : II, 1537, 1612-13. 16S2-S3, 1764, i<;93, 2089, 
2134, 2188 yo, 2205, 2267 : Ree.se, 71-74, 79-^2 : 
(Chandler, A.C., 199-253 ; Chopra, 544 50 ; Comber, 
/. Ihiiiihdv lull. Hist. Soc., 1905, 16 , 462 : llornell, 
ibid., 1948 49. 48 , 303, 543, 750; Jones, ibid., 1950- 
51, 49 , 519 ; Ray, ibid., 1950-51, 49 , 663 : Palekar 6 c 
Bal, ibid., 1955--56, 53 , 201 : 1956-57, 54 , 962 : Nair, 
ibid., 1956-57, 54 , 344: llornell. hull. l)cp. Fish. 
Madras, 1916. 8 , 105: 1917, 11 , i : 'Thapar, Lucktunv 
iUiiv. Stud., No. 3, 1936: Rao, .SV/. c" (Udt., 1941- 
42, 7 , 69 ; Pillai, Proc. Indian Sci. (au/gr., 1948. 196 : 
Venkataraman tV Chari, Ciirr. Sci., 1953, 22 , 22 ; 
Abraham, J. zool. Soc. India, 1953, 5 , 163 ; Rao & 
Ramadoss, ibid., 1953, 5 , 211: (hmapati & Naga- 
bhushanam, /. Titnh. Dryers' & Pres. /Ls.v. India, 
1955, l(i), 19 : Secretary’s Reports, ibid., 1958, 4(2), 
* 7 ’- ‘ 959 ’ 5(2), 34: Virahhadra Rao. Souvenir, 
Central Marine Fisheries Research Statiofi, 
Mandapani, 1958, 55], 

MOLYBDENUM ORES 

Molybdenum is one of ibe scarce elements of the 
earth’s crust and although a large number of 
minerals containing molybdenum have been describ- 
ed, only two, viz. Molybdenite and Wiilfenite, are of 
commercial importance. 

Molybdenite (MoS.^ : .sp. gr., 4.7-4.81 H., 1.0 -1.5) 
is a soft, lead-grey mineral occurring as di.s.seminatcd 
scales in igneous rocks, like granite, more usually in 
pegmatites and tjuartz veins a.s.sociatcd with such 
rocks. In pegmatites and veins of deep-seated origin, 
the mineral may occur in relatively large patches ; 
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in surface deposirs, ilic mineral is present in (he 
iorm of small scales. Molybdenite resembles j^rapliin^ 
in form, colour and crystalline structure and it leaves 
on paper a bluish grey or greenish streak. It is 
heavier than grajdiite and can he readily distinguish- 
ed from the latter hy hearing, when it gives olf 
sulphur dioxide. In the |)resence of iron-bearing 
minerals and in acid solutions, molybdenite under- 
goes reducrion to Molyhdite or molybdite oibre 
(Fea():i.3Mo().,.8H./)) which is a pale yelb )w soft 
mineral occurring as silky fibres or earthy powder. 

Wulfoiiic (PbMoO, ; sp. gr., 6. 3-7.0: 1 1., 3) is a 
greenish yellow to yellowish grey mineral with 
resinous or waxy lustre and white streaks. It is of 
secondary origin and occurs in massive granular 
forms or as tabular crystals in oxidized zones of 
deposits, containing molybdenite and galena. 

Workable fleposits of molybdenum ores 01 cur 
chieliy in U.S.A. and also in Chile, Canada, Mexico, 
Norway and japan. U.S.A. accounts for nearly yo'*., 
of the world production : production, in terms of Mo 
content, in i(;58, was 21,500 metric tons. Molybdenite 
is sparsely distributed in India and the occurrences 
reported are of little eeonomic importance. 

Disikiiwtion in India 

Andhra Molybdenite occurs scattered in pegma- 
tites intrusive into Khondalites at Kimavaram 
) iti East Codavari dist. (Krisbnan, 
Mem. (r(‘ol. Sarv. hidia, 1951, 80 , 24S). 

A.ssam— Molybdenite is reported to occur in 
granite gneisses at Cherrapunji in Kbasi hills 
(C'oggin Brown tV Dey, 239). 

Ihhar -Flakes of molybdenite have been occasion- 
ally noticed in metamorphic rocks and (|uartz veins 
in Cliota Nagpur area. In Hazaribagb (list., molv- 
hdenite occurs at Mababagh, Baragunda and Uinri. 
b has also been detected in the copper ores of 
Rakba and Mosabani mines in Singbbbum dist. 
(Dunn, A/cm. geo/. Surv. India, 1941, 78 , 233). 

Madras — In Madurai dist., molybdenite occurs in 
aplitic and pegmatitic rocks traversing the gneisses 
east of Karadikutium ( 10^^27' : 77''26'). The mineral 
occurs also as disseminations in the nickeliferous 
|)yrrhoiite at Mangamalai in Tbovala taluk, Kanya- 
kumari dist. (Krisbnan, Mrni. Snrv. India, 1951, 
80 , 249 ; Ct)ggin Brown ^ Dey, 2;, 9). 

Mysore In Kolar Gold Melds, molybdenite is 
found in a pegmatite at a depth of 2,500 ft. in the 
Balagliat lode, Ooregaum (Krisbnan, Rec. ^eol. Surv. 
India, 1935, 70 , 427). 


Rajaslhan MiAyhdvmic has been reported in 
a pegmatite at Mandaoria ’• 74 *57 A*' ") it^ 

Kisbengarb (list. (Roy, Mem. geo/. Snrv. India, i9;;9, 
86 , 324). 

BkNKFICI VIION AM) 'rKKAIMKNI 

Molybdenum ores exploited in the various pro- 
ducing countries contain usually i",. or even less of 
molybdenite, and heneliciation t(‘cbni(|ues are applied 
fur obtaining concentrates of the mineral. 'Fbe 
mineral is separated from gangue by tine grinding 
and flotation using a mixture of pure oils, liydro- 
carhons and wetting agents. Primary dotation yields 
a ('oucentrate containing up to lo’’.. molybdenite : 
concentrates containing 6o'’.. molybdenite are obtain- 
ed by further treatment. 

Wulfeiiite may he coiuent rated comparatively 
easily as the mineral is heavy and is readily weiteti. 
It is separated from gangue by gravity either hy 
sluicing with water or by ])neumati( concentration. 
The presence of heavy minerals, such as lead ores 
and vanadite, complicates the separation (Hampel. 
272 : Mellor, XI, 492). 

d’be molybdenite concentrate is roasted in a 
ciirreni of air to obtain molybdenum dioxide 
(MoOj, a white powder, which C()m|)letely vola- 
tilizes at ( . 700". The oxide is converted into ferro- 
molyhdenuni by treatment in an electric furnace 
with ferro-silicon. iron ore and aluminium in the 
presence of limestone and fluorspar. It is produc'ed 
directly from the concentrate by fusion with varying 
jtroporiions of coke, lime, scraj) iron, ])yrites, etc. 

Rrej^aratimi of nieial Metallic molyhdeniiin i^ 
produced from the white crystalline sublimate of 
molybdenum trioxide by reduction with aluminium 
or carbon at high temperatures. The oxide may also 
be rediuvd to the metal by beating in a current of 
hydrogen at i.ooo'' in a tul)e furnace. In another 
process, the oxide is leached with dilute ammonia 
and the solution concentrated to obtain crystalline 
ammonium molybdate, which is suh.scijuently 
reduced to the metal by bydrogeti reduction. 

USKS 

Molybdenum in pure form (at. \vt.. 96 : at. no.. 42 : 
sp. gr.-", 10.2 ; m.p. 2,450^’) is silver white in appeal' 
a nee, and tough and malleable. It is not oxidized hy 
air at ordinary temperatures, hut burns when heated 
above 600 ’ to form white molybdenum oxide. Moly- 
bdenum is used in the form of wire for filatnent 
supports, hooks, etc. in electric lamps and radio 
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valves, for electrodes in mercury vapour lamps and 
for winding electric resistance furnaces. 

The principal use of molybdenum is in the produc- 
tion of alloy steels, for which purpose it is added in 
the form of ferro-molybdenum. About 90% of the 
ore is iitili/ed for the production of ferro-moly- 
hdeniini. It has been found that the addition of 
small amounts of molybdenum improves the hard- 
enahility of engineering alloy steels without affecting 
other desirable mechanical properties like machine- 
ability or forgeability. Alloy steels, containing 
molybdenum, recpiire liigher heat treatment, hut 
they possess unusual toughness. Molybdenum also 
imparts resistance to corrosion, shock, fatigue and 
plastic deformation. In high-speed tool steels, tung- 
sten has been successfully substituted by moly- 
bdenum to the extent of 50”,, or more. The moly- 
bdenum contents of some special steels are as 
follows: structural grades and steel for heat treated 
machine parts, o. 15-0.35';,, ; tool steel ;md heat- 
resistant grades, up to 1.5“.. ; corrosion-resistant 
stainless steels, up to 4';,, and high-speed tool steel, 
up to 8.5';,,. 

Molybdenum salts are used as |)igments in silk, 
woollen, leather and rubber industries, and for the 
production of gla/es used in the ceramic industry. 
Molybdenum disulphide finds use as a lubricant. 
Some molylKlenum compounds are used as catalysts 
for promoting chemical reactions. Ammonium 
molybdate is used in the identification of phosphate 
and arsenate radicals in chemical analyses. 

^ I M pours 

fndia is deficient in molybdenum minerals and all 
rei|uirements are met by imports. The imports of the 
metal and its base alloys during 1958. 1959 and 
i960 61 were 4.415 Ih. (val., Rs. 104.589). 4,654 Ih. 
(val.. Rs. 108,772) and 9.S77 lb. (val., Rs. 174,927) 
respectively. 

MOMORDICA Linn. (( Utcu rhi tuccdc) 

A genus of annual or perennial climbers found in 
the troj)ics, chiefly in Africa. Six or seven species 
have been recorded in India, of which A/, charantia 
(Hitter (huird) is widely cultivated. 

M. balsamina Linn. Hai.s.xm Aimm.k 

I).K. 1 \, V, 256: I"l. Hr. fnd.. II, 617 ; Chakravarty, 
Rrc. hot. Stirv. India, 1959, I 7 (i), 90. 

Hindi — Moklia. 

A monoecious climber found in the Punjab, 


western U.P., Rajasthan and Saurashtra, up to an 
altitude of 300 m. Ijcaves orbicular, glabrous, 
palmately 3-5 lobed ; Howlers yellow, solitary ; fruits 
lubcrculate, 2.0- 7.0 cm. long, broadly ovoid, narrow- 
ed at both ends ; seeds grey, ellipsoid, compressed, 
slightly verrucose. 

Tender fruits of the plant are eaten as vegetable 
in stew or are pickled ; they are u.sed also for flavour- 
iijg food dishes. Leaves and stems arc used as camel 
fodder (Burkill, 11 , 1485; Tothill, 685). 

'riie plant is considered stomachic and tonic. The 
fruit contains a cathartic principle, momordicin, 
which appears to he identical with claterin. A lini- 
ment prepared by infusing the fruit, after removing 
the seeds, in olive or almond oil is used as a local 
application for chapped liands, burns, haemorrhoids, 
etc. Mashed fruit is used as poultice (Dal/iel, 62 ; 
Kirt. (^' Hasii, 11 , 1133: Watt Hreyer-Hrandwijk, 
179 ; U.S.I)., 1955. 1758). 

rhe hitter constituents present in the roots arc 
chemically different from the cucurbitacins usually 
found in other genera of Cucurhitaccac, The seeds 
yield c. 40% of a fatty oil 1*5017 : iod. val., 

139 : sap. val., 189) containing c. 50'',, of c’onjugated 
trienoic acid. I'lie colouring matter present in the 
arils is lycopene, while that present in fruits is 
lutein : flowers contain carotene (Rehm cl c//., /. Sci. 
Fd /Ignc., i(;57, 8 , 679; Karle cl al., /. Anicr. Oil 
Chrm. Soc., 1959, 36 , 304 : Palmer, 86. 72 ; Karrer 
& Jucker, 76). 

M. charantia Linn. Hiitkr Goi kd, C'arii’.la Fruit 

D.F.P., V, 256; FI. Hr. Ind., II, 616: Clhakravarty, 
Rcc. hot. Surv. India. 1959, 17 (i), 88. 

IhsDi—KarcIa, karcii ; Khwe. -Karcia ; Mar.— 
Karlc ; T^^\. — Pakal. pavakka ; Kan. — Ha^al ; Mal. 

TCaIppa, kaippavalli. 

A monoecious climber found throughout India, 
often under cultivation, up to an altitude of 1,500 m. 
Stem slender, more or less pubescent : leaves sub- 
orhicular, 5-7 lobed, pubescent or suh-glabrous ; 
flowers yellow, solitary : fruits 5.0-25.0 cm. long, 
pendulous, fusiform, beaked, ribbed with numerous 
tubercles ; seeds brownish, 13.0-16.0 mm. long, com- 
pressed. embedded iti red pulp. 

The plant is cultivated throughout fndia as a 
vegetable crop. I’wo types are grown in N. India, the 
hot season or Jelhiiya and the rainy se.TSon or 
Baramasiya ; the latter bears fruits nearly through- 
out the year. They differ in habit of growth, in size 
and shape of fruits and the period of maturation. 
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I Ki. 151. MOMORDICA CHARANTIA-FLOWKRING BRANCH 8C. FRUIT 


In S. India, 9 types whicli breed true for their econo- 
mic characters have been selected for cultivation ; 
they yield fruits which differ in size, colour and 
surface characters. Crossing among them has 
resulted in a few hybrids, some yielding large fruits 
with thick flesh and showing hybrid vigour (Firmin- 
ger, 152 ; Gollan, S9 ; Purewal, 70 ; Aiyadurai, 
Madras a^ric, /., 1951, 38 , 245). 

'J'he plant is commonly cultivated during the 
warm season of the year. In the hills, a summer 
crop is sown during April to July, while two crops arc 
generally taken in the plains. The hoi season or early 
crop is sown between March and April and is often 
grown without support ; the rainy season crop is 
sown in June-July and is trained on supports. The 
seeds are sown in lines 2 ft. apart in well-prepared 
and manured beds or in small pits. Two or three 
seeds are planted in each pit but only one plant is 
retained after germination. The plants are watcrctl 
once or twice a week during the dry weather. They 
begin to flower 3<>-35 days after sowing and fruits 
become ready for gathering 15-20 days later. The 
yield of fruits varies from 70 to 150 md. per acre 
(Gollan, 89 ; Firminger, 152 ; Purewal, Farm. Bull. 


Indian Conn, agric. Res., No. 36, 1957, 93 ; Purewal, 
70 ; Aiyadurai, loc. cif.). 

Bitter gourd is affected by fruit-rot \P\t Ilium 
nphanldvrfnatinn (Kds.) Fitz.| during the rainy 
season and leaf-spot {Cercospora momordicac 
McRae). Fruit-rot is controlled by spraying plants 
with Bordeaux mixture or chcshunl mixture. A 
common pest of bitter gourd is the fruit fly, Dacus 
cueurhitac Coq., which deposits eggs inside the flesh 
of the fruit. Spraying with solutions of nicotine 
sulphate ((^t%). Kndrin (0.02',’.'.) or J\'irathion (0.025V0) 
affords control. In some areas Epilachna hectic causes 
serious damage in September and October ; it is con- 
trolled by spraying plants with calcium arsenate 
mixed with slaked lime. Lcptoglossus nicmhranaceus 
Fabr. attacks the stems, leaves and fruits and causes 
wilt : spraying in the early stages with gamma BUG 
(1.3'?,. or 3.0.’,,) affords effective control | Singh & 
Singh, Sei. <!:> Cult., 1952-53, 18 , 4S9 : Indian ]. agric. 
Sri., 1950, 20 , 126: Srinivasan. Indian Fnig, N.S., 
1959 60, 9(9), 8 ; Aiyadurai, loc. cit. ; Fernando, 
Trap. Agriculturist, 1957, 113 , 107]. 

The fruit though bitter is wholesome and 
esteemed as vegeiahle when young ; it may he sliced 
and preserved after drying for use in the ofF-.scason. 
The fruit is also pickled. It is often used as a flavour- 
ing for food pre|)arations. 'Fhe seed mass of the ripe 
fruit is used as condiment. 'Fhe biiierness is reduced 
by Sleeping the fruit in salt water and cooking after 
removing the skin. Bitter gourd can be held in cold 
storage for 4 weeks at 32 35‘'F. and 85-<;o‘;., R.ll. 
(Aiyadurai. loc. cit. : Nadkarni, I, 806 ; I'orterlield, 
Picon. Hot., 1951, 5 , 3 : Bull. cent. P'd tcclinol. Res. 
Inst., Mysore, 1954-55, 215). 

Analysis of the fruit (from ty|)cs yielding small- 
sized fruits) gave the following values; moisture, 
83.2: protein. 2.9: fat, i.o; carbohydrates, 9.8: 
fii)re, 1.7: and mineral matter, 1.4 ’,',: calcium, 50; 
phosphorus, 140 ; and iron. 9.4 mg./ 100 g. ; carotene 
(as vitamin A), 210 i.u. : thiamine, 72 //.g. : nicotinic 
acid, 0.5 mg. ; riboflavin, 90 /tg. : and ascorbic acid, 
88 mg./ KM) g. C^)pper (traces) and potassium 
(282 mg./ 100 g.) are present. Bitter gourd is a good 
source of ascorbic acid and values up to 188 mg./ 
100 g. have been reported in fresh tender fruit ; ripe 
yellow fruit contains about half as much ascorbic 
acid. The ascorbic acid is retained by the green fruit 
during storage ; if stored after ripening, considerable 
loss of ascorbic acid occurs. Slices of tender fruit 
lose c. 80% ascorbic acid on drying in the sun ; 
c. 40% is lost during the cooking of fresh fruit. 
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Cooking destroys c. 40% of thianiinc also [Hllli Bull., 
No. 23, 1956, 3;^) ; Pain & Banerjee, Indian ]. mvd. 
Res., 1956, 44 , 749: Bagchi & Cliowdhury, Ann, 
Bioclinn.f 1949, 9 , 107 ; Siddappa, Indian /. agric, 
Sci., 1943. 13 , 639: Tewari, Ann. Biochetn., 1959, 
19 , 191 : Ahmad ct a/., ibid., 1948, 8, 89). 

"I’lie fruit contains ascorbigen, a bound form of 
ascorbic* acid released ])y healing wilb waler in an 
atmosphere of carbon dioxide or nitrogen. Large 
sized fruits, borne by certain types of Af. charantia, 
are richer in ascorhigen than small fruits borne by 
other cultivated types (Bose (kdia, Sci. cV iUdl., 
1959-60, 25 , 387). 

The free amino acids present in the fruit are : 
aspartic acid, serine, glutamic acid, threonine, 
alanine, y-amino butyric acid and pipecolic acid. 
The green fruit contains luteolin. Carotene is the 
principal [)igment of carpels, while lycopene cliarac- 
terizes the red aril (Rao ct a!., J. sci. induslr. Res., 
1(956, 15 C, 39 ; (^anju 6c Puri, Indian J. mcd. Res., 
1959, 47 , 563 ; Palmer, 76). 

"Fender shoots and leaves of the plant arc also 
used as vegetable in India ; they arc used as flavour- 
ing in Java and Philippines. The leaves are a good 
.source of calcium, carotene, riboflavin and a.scorbic 
acid. Analysis of tender leaves (from Philippines) 
gave the following values: moisture, 82.5: nitrogen, 
1.042 : ether extr., 0.47 ; crude fibre, 1.8 ; and ash, 
2.61".,: calcium, 297.0: phosphorus, 53.0: iron, 
3.27: carotene, 5.57; thiamine, 0.14; riboflavin, 
0.55: niacin, 1.85: and ascorbic acid, 210.0 mg./ 
100 g. (Burkill, II, 1485 ; Intengan et ai, Pliilipl). J. 
Sci., 1954, 83 , 192, 208, 215). 

"Fhe seeds yield (26.5V.',) a clear, reddish brown, 
semi-drying oil with the following characteristics: 
d'"\ 0.9958; 1.4984; acid val., 3.4: sap. val., 

1S4.1 : iod. val. (Wijs), 120.4; diene val. (FJlis & 
Jones), 70.6; and unsapon. matter, 0.7';;.. The com- 
ponent fatty acids of the oil are: d-elaeostearic, 46.7 ; 
linoleic, 7.7 ; oleic, 15.8 ; and stearic, 29.8'X). The oil is 
edible. It may be u.scd in the paint and varnish 
industry as such or after .segregation into suitable 
fractions by .solvent treatment. Films of oil develop 
a wrinkled iinish when exposed to air (Verma & 
Aggarwal, J. Indian clicvi. Soc., 1956, 33 , 357 ; 
Chakrabarty et al., Natunvissenscliajtcn, i(;55. 42 , 
314 : Airan, Proc. Syinp. Indian Oils & Fats & their 
Util., Nat, Chem. Lab., Poona, 1951, 256). 

The seed cake left after the extraction of oil con- 
tains i3.4Vf. nf total proteins, from which an albumin 
(6.1%), a globulin (6. r'X,) and a glutclin (i.2/n) have 



MG. 155 . SFF.DS OF MOMORDICA CIIARANTIA AND OF M. DIOICA 

heen separated. The proteins are especially rich in 
essential amino acids. The distribution of nitrogen 
in the proteins is as follows: alhnniin (N, 14.5; S, 
0.967 V(.) — amide N, 2.35 ; humin N, 0.07 : diamino 
N (arginine, 50.55; histidine, 15.76 : cystine, 1.07; 
and lysine, 19.92), 87.30 ; monoamino N, 7.5 ; and 
nonamino N, 3.89".. : globulin — amide N, 3.89 ; 
humin N. 0.06 ; diamino N (arginine, 49.93 : 
histidine, 14.45; 1.40; lysine, 21.93), 87.71 ; 

ijionoamino N, 7.2 ; and nonainino N, 3.i7'X' (Airan 
6c Ghatge, Indian J. agric. Sci., 1951, 21 , 63 : Chem. 
Abstr., 1955, 49 , 5(X)5). 

The fruits and leaves of the plant contain two 
alkaloids, one of them being momordicine. Roots are 
also bitter; the bitter principles are different from 
cucurbitacins which occur in other genera of Cttcur- 
bitacrae. "Fhe plant is reported to contain a glucoside, 
a saponin-like substance, a resin with an unpleasant 
ta.ste, an aromatic volatile oil and a mucilage. The 
seeds contain an alkaloid (m.p. 236®) and an anthel- 
mintic principle in the germ ; they al.so contain 
urease (Quisumbing, 945-46; Rivera, Amer. J. 
Pharm., 1941, 113 , 281 ; Rehm ct al., J. Sci. Fd Agric., 
* 957 * ^79 * Rehm 6c Wcs.sels, ibid., 1957, 8 , 687 ; 

Airan & Ghatge, Curr. Sci., 1950, 19 , 19 : Chem. 
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Ahatr., 1930, 24 , 684 ; Nath & Ullali, Ami, Btochcm., 
1956, 16 , 89). 

The fruits arc considered tonic, stomachic, 
carminative and cooling : they are used in rheuma> 
rism, gout and diseases of liver and spleen. The fruits 
of uncultivate<l forms are used as fehrifuge. In 
Brazil, the seeds are used as anthelmintic ; an alco- 
holic extract of the plant is used as a stomachic 
against colic and fever. The fruits, leaves and roots 
have long been used in India as a folk remedy for 
diabetes mellitus ; they are reported to he used for 
similar purposes also in Puerto Rico. Oral admin- 
istration of fresh fruit jtiice (dose, 6 c.c./kg. body wt.) 
lowered the blood stigar level in normal and alloxan- 
diabetic rabbits, but it proved toxic : tlie juice 
appears to he also abort ifacient. However, the possi- 
bility of separating a non-toxic bypoglycaemic factor 
cannot he ruled otit. Oral administration of alco- 
holic extracts of the plant to some diabetic patients 
did not produce any bypoglycaemic action (Kirt. & 
Basil, IT, 1131; Nadkarni, I, 806; Clictii, Ahslr., 
1945. 39, 2623 ; Sharma ct ah, Indian J. med, Rrs„ 
i960, 48 , 471 ; U.S.l)., 1955, 1758 : Rivera, Amcr. /. 
Phann., 1942, 114 , 72). 

M. cochinchinensis Spreng, 

D.K.P., V, 257 ; FI. Br. Ind., IT, 618 : Cbakravarty, 
Rcc, hoi. Snrv, India, 1959, 17(i). 95; Kirt. Basil, 
455^- 

Hindi — Gnikakra, gangerna ; Beno. — Gohkakara, 
kakrnl ; Tei .. — Adavi kakara. 

A perennial, monoecious climber w'itb tuberous 
roots found commonly in Assam, Bengal, S. India 
and Andaman Islands. Stems glabrous : leaves sub- 
orbicular, deeply 3 5 lohed, glabrous : flowers w hite 
or pale yellow^ ; fruit ovoid, 10-15.0 cm. long, 
pointed, densely aculeate : seeds ovoid. 26 28 mm. 
long, compressed, sculptured on both sides. 

'Fhc tender fruits of the plant are esteemed as 
vegetable. Young leafy shoots arc cooked and eaten 
in Bali and Philippines. Analysis of fruit gave the 
following values; moisture, 84.09 : protein, 2.61 : lat, 
0.66 : carbohydrates, 5.69 ; crude fibre, 5.93 : and 
mineral matter, 1.02 calcium. 21 : phosphorus, 
148 ; and iron, 2.59 mg./ kk) g. The fruit is a rich 
source of ascorbic acid ; small sized fruits borne by 
types cultivated in the plains contain more ascorbic 
acid (c. 247 mg./ 100 g.) than those of types growing 
in hills and yielding large sized fruits. Ascorbigen 
is also present (Burkill, II, i486: Mitra, /. Indian 
chem. Soc„ 1938, 15 , 623 ; Mitra ct al., ibid.. 


1940 17 , 247 ; Bose & Cuba, Sci. Cnit., 19(59 60, 
25, 387). 

'Fbe seeds (av. wt., 3.1 g.) yield c. 29 'V. of a pale 
green fat, which on exposure to air becomes pale 
yellow\ It has an unpleasant penetrating odour and 
the following characteristics: m.p. 28-32°: 

l. 496 ; .sap. val., 185.2 : acid val., 1.9 : iod. val., 23.4 : 
an unsapon. matter, trace. It is used as an 
illuminant in Indo-Cbina : it may he used in 
admixture with drying oils in the formulation of 
paints and varnishes (Kr:e» Bull., 1920. 6 ; Burkill, 
n. .4«7)- 

The roots contain a triterpenoid saponin, which 
on hydrolysis yields oleanolic acid and fucose, 
glucuronic acitl and arahino.se. Alcoholic extracts 
yield a sterol, named hessisterol (CoJI.hO. 'aIFO. 

m. p. 175*^), which is identical wdth spinastcrol 
(Fnslin et ah, J. Sci. Fd Agric., 1957, 8 , 673 : Chem. 
/l/;.s7r., 1956, 50, 188 : 1937, 31 , 8542 : Thorpe, VIII, 

The seeds of the plant are used as aperient and 
in the treatment of ulcers, sores and olist met ions of 
liver and spleen. I'ruits and leaves are used in 
external a|)plication for lumbago, ulceration and 
fracture of bones. In Hong-Kong, the plants are 
reported to he u.scd as an alterative hitter drug in 
jilace of Sirychnos (Burkill, II, i486 : Brown. 1946, 
III, 399: Rama Rao, 187; Dynmck, Warden iV 
Hooper, II, 77). 

M. dioica Roxb. ex Willd. 

D.K.P.. V, 258 : FI. Br. Ind., 11, 617 : Cbakravarty. 
Rec. hot. Snrv. India, 1959, 17 (i), 91. 

]\isin~Kaksa, got hand ra : Beno. Ban-karela ; 
Mar. — Kartoii : Tva.. - -Agakara ; 'Fa.m. — Tholoo- 
fyavai, hainfypakai ; Kan. Karhkai. 

Ass.am — Bhatkarela : Punjab — Kakanra, kirara, 

dliar karcla. 

A perennial, dioecious climber with tuberous roots 
found throughout India from Himalayas to Ceylon, 
up to an altitude of 1,500 m. Stems glabrous : leaves 
broadly ovate, entire, deeply 3-5 lohed : flowers 
solitary, yellow^ ; fruits ovoid or ellipsoidal, 2.5 - 
6.3 cm. long, shortly beaked, densely eebinate with 
soft spines ; seeds slightly compre.ssed, 6.0-7.0 mm. 
long, irregularly corrugated. 

The plant is sometimes found growing wild and is 
common in hedges. It is often cultivated for its fruits 
which arc used as vegetable. It flowers during the hot 
and cold seasons in S. India. The fruits, like those of 
M, charantia, arc susceptible to fruit-rot, caused by 
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FIG. 156. MOMORDICA DIOICA-FRUITS 


Pythhnn aphanidcrmatum (Eds.) Kit/. (Haiiu-s, III, 
395 « Sharma <1^ Asthana, Sci, & Cult., 1957-5S, 23 , 
435 )* 

Analysis of the edible poriion of the fruit gave the 
following values: moisture, 84.1 ; protein, 3.1 ; ether 
extr., 0.97 : carhofiyd rates, 7.7 ; fibre, 2.97 ; and ash, 
i.iVo *. iron, 4.6 mg.; calcium, 33 mg.; phosphorus, 
42 mg. : carotene (as vitamin A), 2,7(X) i.u. ; thiamine, 
45.2 /ig. ; rilKjflavin, 176.1 /ig. ; and niacin, 0.59 mg./ 
100 g. The fruit is rich in ascorbic acid (275.1 mg./ 
100 g.). It contains iodine, 0.7 /ig./ioo g. |Re/). Dr[). 
Nutr. Govt, Bofuhav, 1957, 24 : Naik e/ ai, /. Univ, 
Bombay, N.S., 1951, I9A(29), 5 * » Iodine Content of 
Foods, 77]. 

'I'hc seed kernels, on extraction with carbon tetra- 
chloride, yield 33.5% of a dark brown, semi-drying oil 
with the following characteristics: 1.4945; 

sap. val., 189.5; (Wijs), 114.0; unsapon. 

matter, 0.9%; and free fatty acids (as oleic), 1.4%. 
The component fatty acids of the oil are: saturated 
acids, 27.1 ; oleic, 9.2 : linoleic, 8.8; and conjugated 
tricne (as a-claeostcaric), 54.9%. The oil may be used 
as such or after segregation into suitable fractions, as 
a drying oil in the paint and varnish industry 
(Chakraharty et al., Naturwisscnschaflen, 1956, 43, 

523)- 


The roots, which often weigh i Ih. or even more, 
are astringent and contain traces of an alkaloid. The 
roots of the female plant arc larger than those of the 
male and are preferred for medicinal use. lliey arc 
applied in bleeding piles, bowel affections and urinary 
complaints. The root is pasted and applied over the 
body as a sedative in fevers (Dymock, Warden & 
Hooper, II. 75 ; Kirt. & Basu, II, 1 135). 

*M. tuberosa (Roxh.) Cogn. syn. A/, cymhalaria 
Fenzl ex Naud. 

D.E.P., V, 258 ; FI. Br. Ind., II. 618. 

MAn.—Kadavanebi; Tam. — Athalaikai ; Mal. — 
Kattupaval. 



FIG. 157. MOMORDICA TUBEROSA— FLOWERING BRANCH. 
FRUIT AND TUBER 


♦ "This sjK-’cics h.'is been iraiisfcrrcd by Chakniv.iriy to Luffa 
on account of the ribbed nature of the fruits, absence of eysto- 
liihs on the lower surface of leaves and absence of foliaceous 
bracts [Hec. hot. tfurv, India, 1959, 17 ( 1 )» 81 ]. 
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A perennial, monoecious, trailing plant with large 
turnip-shaped tuberous rootstock found in Deccan 
and Carnatic, southwards to Tirunelveli iti Madras. 
Stem slender, ^-angled ; leaves 5 7-ang'led ; Howers 
white or yellow: male ilowers in short racemes, 
female flowers solitary, long-pcd uncled : fruit pyri- 
form or fusiform, S-rihhed, i.S 4.0 cm. long. 

This platit occurs mostly in hushes along the 
hanks of water courses and in hedges. Tr is not culti- 
vated. Tender fruits are gathered from November to 
January and used as vegetable : it is also preserved 
in the form of sun-dried chips or after pickling. The 
roots are reported to he ahortifacieni : they contain 
a hitter glycoside and a yellow acid resin with acrid 
properties (Chandrasekhara Ayyar & Sundararaj, 
Madras afrric, /., 1945, 33, 127 ; Dymock, Warden 
Hooper, 11, 80). 

MONAZITE 

"Die mineral Mona/ile (sp. gr., 5.25: II.. 5.5) con- 
sists essentially of phosphates of cerium and few 
other rare earth metals; thorium is usually present. 
The mineral is widely distributed as an accessory 
constituent of Archaean or pre-Cambrian crystalline 
rocks, such as granites, diorites. gneisses and pegma- 
tites. By powdering the rocks and washing away the 
lighter minerals, a heavy fraction containing minerals 
like mona/ite, ilinenite, rutile, magnetite, zircon, 
garnet, etc. can he separated, "rhis separation takes 
place naturally during the washing down by rain and 
rivers of weathered and disintegrated rocks and 
under certain conditions mona/ite in the form of 
rounded water- worn grains occurs as accumulations 
in beds of streams and beach |)lacers in several parts 
(»f the world. Old sand dunes near sea coasts some- 
times contain mona/ite ; such wind-home deposits 
are occasionally cemented into compact masses by 
inliltrated carbonate of lime. 

Mona/ite occurs either as flattened monodinic' 
crystals or as small rounded translucent grains vary- 
ing in colour from pale yellow or greenish brown to 
dark reddish brown. It ustially contains: rare earth 
oxides, 55-60* V, and thorium, 8 9%. A variety, known 
as Green Mona/ite or Cheralite, contains less of rare 
earth oxides and more thorium oxide (29 5V’ ) 
nratiiiim oxide (4-6%). 

Extensive deposits of mona/ite sand occur in India, 
Brazil, and North and South Carolina (U.S.A.) : si/e- 
ablc deposits arc found also in Ceylon. Japan, 
Australia, Madagascar, South Africa. Canada, and 
Florida in U.S.A. The com|K)sition of concentrates 


from some of the important mona/ite deposits of the 
world are given in 'Fable i. 

DiSTKIBL TION IN InDIA 

"Fhe major mona/ite sand spreads are found at 
various sites on the Malabar (Kerala State) and 
Coromandel (Madras State) coasts. Occurrences of 
iltnenite containing variable percentages of mona/ite 
are found in several localities along the coastal 
region, Irom Cape (Comorin to Narmada estu.arv on 
the west and from 'Firunelveli to beyond the 
Mahanadi on the east. I.,arge deposits of detrital 
mona/ite, capping the tops of certain plateaus, 
occur in Bihar and West Bengal. Besides these, 
mona/ite occurs in pegmatites in various inland 
parts of the country. 

According to surveys conducted by the Depart- 
ment ot Atomic Energy, there are at least 12 major 
mona/ite concentrations in India and provisional 
estimates |)lace the total reserves at 2 million tons, of 
which Kerala deposits alone account for 1.5 million 
tons (Wadia, /. sci. industr. Rrs., 1956, ISA, 162 : 
East. Met. Rev., 1958-59. 11 , 126). 

Andhra IWiivk sand, containing 0.14-8.0*'.. mona- 
/ile, occurs in patches along the coast extending 
from 15^55' N (Nellore (list.) to i</N (Srikakulam 
(list.). 'Fhe patches vary in length from a few feet to 
a few miles and from 50 ft. to 2,000 ft. in width. Rich 
concentrates are confined to the northern side of the 


TAIU I— COMPOSITION OF MONAZITF CONCF.NTRATFS+ 
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confluences of Vamsadhara, Nagavali and Vasislita 
rivers with Godavari and to cither side of the con- 
fluence of Vainateyam with Godavari. Monazitc 
occurs also on the hcacli c. 20 miles north of the 
niouili of Krishna river ; the depth of the deposit 
varies from 3 ft. to 8 ft. Coastal sand dunes in the 
region also contain monazitc (Mahadevan, Proc, 
Stronti Unilcd Nalions Intern. Conf. Peaceful Uses 
of /l/o;;//c /'jtcrgv, Geneva. 1958, 2, 716). 

The reserves of monaziie in the beach sands 
helween hhimilipatam to Polavaram have been esti- 
mated at 8,mo tons. Black sands occurring l)etween 
J)ihhalapalem and Bhimilipatam contain on an 
average 3 Vo monazitc : the estimated quantity of 
mineral up to a depth of 5 ft. is 3 .kh> tons {Indian 
Ceram., 1954 55, 1, 347 ; Mahadevan & Rao, Carr. 
Sei., 1950, J9, 48). 

Bihar & 11 'c5/ Bengal — Placer deposits of monazite 
associated with ilmcnite, rutile, sillimaniie, colum- 
hite-tantalite and magnetite have been located in 
the Ranchi-Pundia area and in the adjoining dis- 
tricts of Bihar and West Bengal. Tlie deposit at 
Katalialdih (23° 27' : 86® 13'). 12 miles north west of 
Purulia town, covers c. 130 stj. miles. The distribu- 
tion of heavy minerals within the area is uneven ; 
highly radio-active rich sands contain 4-10% heavy 
minerals, while medium grades contain 2-4%. 
Table 2 gives the percentage composition of heavy 
minerals in the sands of Katahaldih area. The 
reserves of monazitc per S(|. mile of rich anti medium 
grade sands, up to 3 ft. depth, have been estimated 
at 34,800 tons and 15,660 tons respectively (Shirkc & 
Chalterji, Proc. Second United Nalions Intern. Conf. 


TABU? 2--HFAVY MINERAKS PRESENT IN KATAHAl.DIH SANDS 
(Figures give perceiitages by wt.) 



Rich sands 

Med i util grade 
sands 

Mun.T/ilf 

1. 00 

0.45 

ColiimbitC'l.int.'ilire 

0.20 

0.1 1 

lltiu'iiitc 

1. 10 

0.46 

Zircon 

0.40 

0.04 

Rutile 

0.20 

0.17 

Silliiii.'initc 

1.00 

0.80 

Apatite 

0.10 

0.06 

Magnetite 

0.27 

0.09 

Total 

4.27 

2.18 


Shirkc & C^hatterji, Proc. Second United Nations Intern. Conf. 
Peace ftd Uses of Atomic Energy, Genova. 1958, 2, 715. 


Peaceful Uses of Atomic Energy, Geneva, 1958, 2, 
713 ; Bhola et al., ibid., 100). 

Monazitc crystals, associated with pitchblende and 
columhite have been found in mica pegmatites at 
Abraki Pahar and near Pichhli in Gaya dist. The 
occurrences arc only of mineralogical interest. In 
Hazarihagh (list., monazite occurs in the pink 
gneisses, c. i mile east of Bangaikalan (24®27'3o": 
85^42') I Dunn, Mem. geol. Sttrv. India, 1941, 78, 
233: Srivastava, Rec. geol. Sttrv. India, 1952, 88 (i). 
'35l- 

Gujarat yUmx/\xe lias hcctt' re|)orred in the sand 
concentrates from Saharmati river in the former Idar 
state (Roy, 1951, 142). 

Kerala & Madras — ^Thc black coastal sands of 
Kerala and Madras States have been exploited for 
monazitc and ilmenitc for more than 50 years. The 
beach placers are derived chiefly from the granitic 
suite, particularly the pegmatites and gneisses 
forming the hinterland, and concentrated partly by 
river action, but largely by wave action of the sea 
wliich throws up the concentrates on the beach. The 
concentration is most noticeable in the hays and 
deltas. The deposits extend from Quilon to Cape 
Comorin on the west coast and thence up the east 
coast to Tiparum in TirunelvcU dist. The more 
important deposits occur at Chavara near Quilon 
and at Manavalakurichi (8®8' : 77° 18') in Kanya- 
kumari dist. The former spreads over an area c. 14 
miles longx5cx>-i,ooo ft. wide : the Manavalakurichi 
deposit extends for about a mile from the mouth 
of Vallier river touching Kadiapatiiam to Chinna- 
vilai village. Systematic investigations of beach 
placers along the coastal belt have been recently 
taken up by the Department of Atomic Energy. The 
areas on the south-western coast contain on an 
average 0.75% monazite. The deposits have an 
average thickness of 25 ft. on the beach, and further 
inland 16 ft. The total reserves in the area investi- 
gated aggregate to 1.4 million tons of monazite. In- 
dividual occurrences with their reserves arc given in 
Table 3. Monazite al.so occurs in the extensive teri 
deposit of Kanyakumari and Tirunelveli dist. The 
bed of the shallow sea off the Kerala coast also con- 
tains monazitc (Mahadevan el al., Proc. Second 
United Nations Intern. Conf. Peaceful Uses of 
Atomic Energy, Geneva, 1958, 2, 103 ; Annu. Rep. 
Dep. Atomic Energy, 1959-60, 67). 

Sand dunes with a fair proportion of monazitc 
have been recorded at Anjengo, Cajie Comorin and 
Muttam-Colachel areas and also at Sathankulam, 
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TABLt 3-MONAZlTR OCCURRENCES Or KERALA AND 
MADRAS COASTS* 


Loealily 

Area 

Monazifc 

Motia/ife. 

C!apr (lomorin 

Vattakottai iKatl 

fin acres) 

Mj 

conlent 
('vt. %) 

1 ..565 

(thousand 

tons) 

2.1.1 

do. do. inferior 

177 

0.060 

3.0 

^tut1an^PeriyakaUllnl^a 

2S7 

0.277 

45.0 

Manavalakurichi 

.S.Sd 

0.026 

500.0 

Aranavalakiirichi inferior 

172 

I..tI6 

76.8 

Karuinhana-.Midalaiii i)each 

145 

0.511 

64.9 

Karuinbana-Midalam teri 

200 

0.795 

54.0 

Vilinjain-Kovalain lieacli 

14 

2.540 

29.5 

Kovalam-Pacliallur heat h 

no 

0.4S4 

20.6 

Veli-Ka/.hakutfaiu 

44 

0.627 

10.0 

Anjengo-Vettur 

M 

0.260 

5.1 

Odef fi-Malapuraiu 

S 

7.055 

.16.8 

T'iruv.'illavaram- 
Nindakara l)each 

.t.S 

0.05S 

20.0 

K a n n i iiieLser i • N i nda k a ra 
inferior 

165 

0.583 

45.3 

Nindakara- 

Kayanakiilaiii l)ay 
‘l'rikunnaf)u/ha 

1,000 

0.750 

492.2 

* Mahadevati ct ah, Pror. 

Second United Nations 

Intern. Conf. 

Peaceful Uses of Aloinic /o/ergy, Geneva, 2 , 

106. 

(hdf of Manaar he; 

ich and 

Kudirma] 

la Reserve 


J^'orost in Tininclvcli disi. |Tippcr, Rrc. Surt\ 

India, 1914, 44(3), *^’9 ’ Krislinan, Mem. f^eol. Sitrv. 
India, 1951, 80 , 284 : Annn. RcJ}. Dcp. Atomic 
Energy, 1958 59, 19]. 

Dark brown ferruginous grits composed of heavy 
minerals, including mona/ite, occur in some (pian- 
lity near Varkala at the base of Varkalli cliff. 
Monazite also occurs in the dry beds of streams 
draining eastward from the hills in the Tiriineiveli 
(list. Fn Kanyakiimari dist., cberalitc occurs in a 
kaolinised pegmatite at Kuttakusbi and Cootykad 
Pot bay [Tipper, Rcc, geo/. Surv. India, 1914, 44(3), 
190, 195; Coggin Brown & Dey, 278], 

Madhya Pradesh — In Ibmdelkband dist., deposits 
of monazite have been spotted in a few places ; they 
are of little economic value. Monazite occurs in asso- 
ciation with other heavy minerals in the sands of 
Gopatl, Molian and Dhamar rivers in Sid hi dist. and 
also in river sands in Shahdol dist. 


A/y.son'-ln Bangalore dist., coarse tabular 
crystals of monazite, associated with beryl, occur 
within 7 8 ft. depth in a highly decomposed |)egma- 
tite at Yedidur near Ikuigalore city. The deposit is 
not of any economic importance (Quart. J. geo/. Soc. 
India, 1942, 14 , 180). 

Orissa Monazite-hearing sands occur at a 
number of places in Cailtack and (kinjam districts, 
'rhe black sands found near the mouth of the 
Mahanadi river contain up to 2.5V.. monazite : low 
grade di*posits, containing not more than iV*. 
monazite, occur between C^hilka lake and C'hicocola 
river. In the former Jeypore state, now in Korapiit 
(list., grains of monazite have been reported from the 
Kolal) river bed. The mineral has also been reported 
in the sands of Wheeler Islands, between latitudes 
2o°44' and 20*'’ 47' and longitudes 87"^ 3' and 87^6', 
and from near Dhenkenal [Narain, Indian Miner., 
1952. 6, 71, 70; Annu. Rep. Dcp. Alotnic Energy, 
*959 ho, 59 : Deekshitulu, Rcc. g('o/. Surv. India, 
1954, 85 (i j, 63 1 . 

Rajasthan -In Udaipur dist., monazite occurs as 
crystalline aggregates in granitic rocks ; it is found 
in Somiana mine in association with cassiterite, 
columhite-tantalite and beryl. Monazite (.)ccurs also 
in beryl workings at Lohagal in Ajmer-Merwara 
(Wadia, J. sci. hidustr. Res., i(;56, ISA, 162 : Narain, 
loc. lit. : Roy, Mem. geol. Surv. India, i(;59, 86, 63)- 

Mimnc and 'J'rEAI'MKNT 

The mining of monazite for the recovery of thoria 
and rare earth oxides is largely (onlined to the dejx)- 
sits at Chavara and Manavalakurichi. The beach 
sands are scraped from the surf.ire with a spade : 
sands from dunes are collected by means of a 
wooden scraper, locallv called nagari. 'FIk* material 
is sun-dried and sent to heneliciation plants for con- 
centration and suhse<|uent separation of monazite 
from other heavy minerals. 

The sands are collected in storage .sheds wheiKX* 
they are sent to the processing plants. lu>ur firms 
were formerly engaged in monazite winning, namely, 
the Travancorc Minerals Ltd., Hopkins & W'illiam 
Ltd., P.X. Pereira & Sons Ltd. and the /l.s\soc/V//cc/ 
Minerals Co. Ltd. The control of the deposits were 
taken over, in i(;46. by the former Travancore State 
Government and the four firms were permitted to 
act as agents to the State Government. In 1956, the 
Government of India decided to nationalize the 
mineral .sands industry by stages. Tlie Travancore 
Minerals Ltd. was .set up with a paid up capital of 
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Rs. 50 lakhs siihscrihccl by the Government of India, 
Government of Travancore and the Government of 
Madras in the proportion of 50:45:5. The Com- 
pany operates 5 winning plants at Chavara and i at 
Maiiavalakiiriehi. Only the surface sands arc being 
exploited at present, hut efforts are being made to 
mine fhe sands from depth with a view to increase 
ihe output. "Jlie material is first sieved through 
vibrating screens and then fed to magnetic separa- 
tors to remove ilmenite. The monazite in the residual 
tailings is concentrated by gravity-cum-vihration 
using dry wind-tal)les. The process is repeated till a 
fraction containing c. 60% mona/ite is ol^tained. 
l"or further enrichment, the concentrate is passed 
tiirough high intensity magnetic separators whereby 
the feel)ly magnetic mona/.ite is separated from the 
non-magnet ic constituents. The treatment is repeated 
and a product containing 97-9970 monazite is 
obtained. The concentrates are despatched to hidiau 
Rare Earths Ltd., Alwaye, for recovering thorium, 
uranium and rare earths (Indian Miner., 1959, 13 , 
*34)- 

The caustic soda digestion process is em|)loyed for 
recovering rare earths and thorium from monazite. 
The process consists of the following steps: (t) finely 
ground monazite (-300 mesh) is treated with hot 
concentrated atpieous caustic soda solution to con- 
vert the rare earths and thorium to hydroxides and 
the phospliate into trisodimn phosphate : (it) the 
insoluble hydroxides are se[)araied from the solution 
by decantation : (Hi) the mixed hydroxides are 
treated with a limited (piantity of hydrochloric 
acid, just enough to dissolve the rare earth hydro- 
xides, leaving the thorium hydroxide undissolved ; 
the latter is se|)arated from the soluble chlorides and 
sent to Tromliay for further processing (Sethna & 
I'areeduddin, Sxtnhosiinn on Rare Metals held in 
B()t}tha\ from December /-j, 7957, organized by 
UNKSeX), Atomic Kncrgy Kstablishmcnt and Indian 
Institute of Metals, 68). 

The crude thorium hydroxide cake from the 
Alwaye plant is further processed at the Thorium 
Plant set up by the Atomic Energy Commission at 
Tromhay. Thorium cake is treated at the plant with 
an excess of hydrochloric acid and the thorium 
brought into solution. 'The solution, after filtration, 
is treated with an excess of sulphuric acid (507, to 
precipitate the thorium as sulphate. Uranium and 
rare earths remain in solution and is despatched to 
the adjoining Uranium Metal Plant. Hiorium sul- 
phate is separated by centrifuging and purified by 


redissolving and reprecipitaiion. It is then converted 
to thorium nitrate via the hydroxide by treatment 
with nitric acid and packed for sale. 

An alternate process for the recovery of rare 
earths and thorium from mona/ite is being investi- 
gated on a pilot plant scale. In this process, the 
crude thorium cake is dissolved in hydrochloric acid 
and treated with oxalic acid to precipitate thorium 
as oxalate. The oxalate is converted to hydroxide, 
dissolved in nitric acid and extriKted with trihiityl 
phosphate. Ihorium is obtained by the electrolysis 
of potassium lluothorate in a hatch containing 
potassium and sodium chloride or by the reduction 
of thoria with calcium chloride in an inert atmos- 
phere (Sethna & Kareeduddin, loc. cit.). 

Pkopkktiks and Usk.s 

Mona/ite consists principally of ortho-phosphates 
of cerium (Ce), lanthanum (Ea), neodymium (Nd) 
and praseodymium (Pr) : an ap[)reciahle (|uaniity of 
thorium is present. The mineral is asvsociated with 
small (|uantities of silica, magnesia, alumina, rare 
earths of terbium and yttrium groups, uranium and 
occluded helium ; mesothorium and radium are 
sometimes present in minute f|uantities. Analysis of 
a representative sample of mona/ite from Kerala- 
Madras coast gave the following values: Ceria, 50.6 ; 
lanthanum oxide, 15.7 : neodymium oxide, 10.5 ; 
])raseodyniium oxule, 2.9 ; europium, goiidolinium 
and terbium oxides. 0.7 ; yttrium oxide, 0.4 ; dyspro- 
sium, holmium. erbium, ytterbium and lutecium 
oxides, o.i ; thoria, 8.1; uranium oxide, 0.3; 
alumina, ferric oxide and lime, i.o; and P.X).,, 
26.2"... The insulliciency of P.,0, to account for the 
entire ([uantity of thoria and rare earth oxides, and 
the invariable presence of silica have led to various 
theories regarding the composition of mona/ite sand 
(Wadia, luist. Met. Rev., i(;^8-99, 11 , 126: Mellor, 
V, 526). 

Till recently thorium in the form of thorium 
nitrate was primarily used in the manufacture of 
incanilescent gas mantles (composed of 9970 thoria 
and T/n ceria) and, to a lesser extent, in the manu- 
facture of refractories, alloys, polishing compounds 
and line chemicals. Magnesium alloys containing 
thorium arc important as materials of construction 
for supersonic planes, earth satellites and missiles. 
The importance of thorium, however, lies in its 
being a fuel for nuclear reactors of the breeder type. 

Compounds of cerium, particularly the oxide and 
fluoride, are used in the cores of carbon arc 
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electrodes for increasing tlic Iiiininoslty. They are 
used as ingredients of polishing powders for lenses 
ami mirrors, for colouring ceramics and in 
pharmacy. An alloy of iron with several rare earth 
elements is used as the sparking component in auto- 
matic lighters and other ignition devices. In the 
form of mischmetal, an alloy of cerium, lanthanum 
and neodymium, rare earths find several metallurgi- 
cal applications. Alagnesium-mischmetal is used for 
jet engine components and airframe structures ; rare 
earth oxides and mischmetal arc also valued as addi- 
tives for special types of stainless steels. Metal 
surfaces arc given a coating of rare earth oxides by 
flame spraying to improve corrosion-resistance 
(Indian Rare Earths, Atomic Knergy Ksiahlishmeni, 
Tromhay, 2 ; Sneed & Brasted, IV, 186). 

Pkoi)1'c:iion and Tkadk 

IVior to lyii. the world’s supplies of monazite 
were almost entirely derived from Brazil. Produc- 
tion in India increased since 1910, and hctvvecn that 
year and 1947 about 50, (xx) tons of monazite were 
exported. The export of the mineral has been 
banned since 1947 |)roduction of monazite con- 
centrate is controlled hy the Department of Atomic 
Energy. 

MONGOOSES (Cllass Maninialia, order Carnivoray 
sub-order Aclnroidea, family Viverridae, sub-family 
IJerpestinae) 

Fn. Br. Ind.. Mammalia, II, 1941, 1 61. 

Mongooses are small, terrestrial, weasel-like carni- 
vores living in burrows and well known for their 
predatory iiahits. 1'ypically, they have a broad head 
with pointed muzzle, short rounded ears, long body, 
short legs and long bushy tail and are (overed with 
coarse, usually grizzled hair. They are active, alert 
and usually fearless and feed upon small mammals, 
birds and their eggs, snakes, rats, frogs and insects, 
and sometimes roots and fruits. They are distributed 
in S. W. Europe, Africa and southern Asia. Six 
species belonging to the genus Uerpestes Illigcr 
occur in India. 

The Indian Gkky Monooosk (Uerpestes edzeardsi 
Geoffroy) is distributed throughout India, inhabiting 
open lands and scrub jungles ; it is sometimes seen 
in towns and villages occupying roofs and rafters of 
houses or sheltering in drains. The colour of the coat 
is typically iron-grey. The contour hairs on back are 
harsh and long with many alternate dark and light 
bands giving a speckled appearance to the coat. 


Three races of the mongoose are recognized: //. e. 
nynla Hodgson (Hindi -Nc:eY////, nyul, rasa ; Beno. 
— Naeidy heji ; (ii j. — Naridia) is found at low 
altitudes from Nepal to Assam and from Kutch to 
Bengal, and is fairly common round about houses. 
//. e. fnrrn^ineus Blanford occurs in desert areas of 
N. W. India, particularly in Rajasthan ; it is dis- 
tinguished from yy. e. nyula hy its paler colour ; the 
speckling on the coat is red or rich ochreus and com- 
[iletely red specimens arc sometimes met with. H. e. 
edwardsi (ieoffroy (Mah. -M nn^ns ; Tki.. Yentazva, 
nianirisa ; 'Fam. & Mai.. — Kiri ; Kan. — A/ iD/gr/.vi, 
mungili ; Cxx)K(; Kera honkera ; Gond Koral) is 
found in Peninsular India, south of Narbada river, 
from Ralnagiri to Travancore aiul Madura and in 
eastern ghats, up to an altitude of 1,370 m. It is 
distinguished from //. e. nyula hy its darker tint, the 
blackish hands being more extensive than huff-white 
hands. 

The Kiddy Mon(;oosk (Uerpestes sniithi Gray) is 
re|)resemed in India hy a single race. H. s. sinitlii 
(hay (Tki.. Konda \entava ,* Ta.m. — ICriniakiri- 
pilai). It occurs from Rajastlian eastwards to Bengal 
and southwards to eastern and western ghats. It is 
closely related to the Indian grey mongoose, hul is 
distinguished from it hy its comparatively large size, 
black-tipped tail and darker colour with pronounced 
tendency to redness. 

The Small Indian Mon(;oo.sk | //c/ 7 )c.s 7 c\ auro- 
punetatus Hoflgson -^U. javanieus (Geolfroy) of 
Pocock| lives and hreetls in burrows and is especially 
valued as a snake-killer. It is of small size with tail 
shorter than the combined length of head and body ; 
coat liair often silky wlien fresh ; colour variable hut 
always with line sj)eckling, contour hairs having as 
a rule only five rings. Two races of this mongoose 
are recognized : II. a. auropunetatus (Hodgson) 
(Kashmir -Nul), found in nortliern India from 
Kashmir to Bhutan, in Bengal, Manipur and Assam, 
and soutli of Ganges up to Chilka lake in Orissa and 
H. a. pallipes Blyth, found in the deserts of N. W. 
India. 

The Indian Brown Monocxisk (Uerpestes fuseus 
Waterhouse) is represented in India hy a single race. 
11. /. fttseus Waterhouse (Gooko Sendali-kera). It is 
found in the hill forests of South India at altitudes of 
90(>-i,8(X) m., and is fairly common near coffee planta- 
tions. It is of heavy build, blackish brown with fine 
huff or buff grey speckling. 

The Stripk-nkcked Monc.(X)se (Uerpestes vitti- 
eolHs Bennett) is the largest among the oriental 
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mongooses, and is easily distinguished by the 
presence of a black stripe running along the sides of 
the neck from behind the ear to the shoulder. It is 
typically a forest dweller, hut is sometimes seen hunt- 
ing for food in paddy fields. It ejects a secretion 
with a strong, musky odour from its anal glands to 
deter its enemies. Two races of the stripe-necked mon- 
goose are known in India: hi. v. vittkoUis Bennett 
kiri ; Coorc — Quohhhalu, kalhkcra) 
occurs in western ghats and other hill tracts from 
Coorg to Travancorc up to an altitude of i,8oo m. 
H. V, inoniaius Pocock is found in North Kanara up 
to an altitude of 4,800 m. 

The Crab-kaiinc; Monooose (Ilcrpcstcs iirva Hodg- 
son) is found in Assam, up to an altitude of 1,980 m. 
'rhough reported to live in holes and crevices, it is 
more acpiatic in habit than the other species and 
lives mainly on crabs, fishes and snails. Like the 
striped-necked mongoose, it ejects a secretion from 
the anal glands to deter its enemies |Sterndale 
109 14 ; Regan, 759-61 : Pycraft, 872 -73 ; Ellerman 
c\' Morrisoti-Scott, 279 98 ; l\)Cock, /. Boitibay nal. 
Hist. Soc., 1935-36, 38 (suppl.), 207 : 1936-37, 39 , 
211 : Pratt-r. 74 - 771 - 

Mongooses are es|)ecially serviceable for killing 
serpents ; they destroy not only the eggs and young 
of the reptiles, hut also kill venomous adult snakes. 
They are also useful for killing rats, scorpions, centi- 
pedes and other vermin. It is recorded that a consign- 
ment of the small Indian mongoose was shipped to 
Jamaica from Calcutta in 1872 for eradicating snakes 
and rats, which were severe pests of sugarcane crops 
there. The success achieved in controlling the pests 
in Jamaica led to its suhsef|ucnt introduction in 
adjoining islands. Contrary to the general belief, the 
mongoose is not immune to snake venom ; by its 
agility it avoids the fangs of the snake while fixing 
its own teeth in the hack of the reptile’s neck : 
further, when excited, the mongoose erects its long 
still hair and makes it difficult for the snake to drive 
its fangs through the hairs into the thick skin. If 
captured young, the mongoose can he tamed. 

Though valued as a destroyer of vermin, the mon- 
goo.se is sometimes responsible for wanton killing of 
poultry : even tamed animals arc not free from this 
instinct (Prater, 6(7-73). 

Moniera — .sec Bacopa 
Monitors — see Lizards 
Monkey Bread Tree — see Adansonia 
Monkey Face Tree — sec Mallotus 


Monkey Jack — see Artocarpus 
Monkey Nut — .vce Arachis 
Monkey Puzzle — see Araucaria 

MONKEYS AND APES (Class Mammalia, sub-class 
Eutheria, order Primates, sub-order Anlhropoidca) 

D.E.P., III, 460 ; V, 259 ; Fn. Br. Ind., Mammalia, 
I, 1C93C9, 1-163. 

*Brown Monkeys : Hindi & Benc;. — Bandar, 
wanar, kapi, markat ; Mar. — Makad ; Tee. — Kotlii ; 
Ta.\i. — Karan gu ; Kan. — Manga, kodaya ; Mal. — 
Koranga. Bi.ac:k Monkeys: Hindi — Kala bandar, 
siali bandar ; Benc. — Neel bandar ; Tel. — Konda- 
maeha ; Tam. — Karunkurangu ; Kan. — Kari manga, 
singalika ; Mm.. Karingkorangu. 

The sub-order Anthropoidea, embracing monkeys, 
apes and man, is divided into two main scries, Plalyr^ 
rfiini and Catarrliini. The platyrrhincs, comprising 
the marmosets (Callitlirkidae) and the American 
monkeys (Cebidae), arc characterized by flat no.scs 
with widely se[)arateci nostrils opening laterally, and 
arc confined to the New World. 'Hie catarrhines 
have narrow noses with nares pointing downwards 
and include the Old World monkeys (Cynomorpha), 
apes and man (Anthropotnorpha). The Old World 
monkeys (including langurs) are grouped under a 
single family, Cercopiihecidae, with two sub-families, 
Cercopithecinae and Semnopithecinae ; the former 
comprises 8 genera and .some 137 species, while the 
latter includes 4 genera and about 78 species. 

'J'hc cercopithe(]ues are represented in India by the 
genus Macaca Lacepede (Macatjues) and the semno- 
pilhe(|ues by Presb\tis Eschscholtz (Langurs) used 
in the broad .sen.se .so as to include the genera Semno- 
pithecus Desmarest, T racliypitliecas Reic henhach 
ai^d Kasi Reichenhach. The maca(|uc.s are distin- 
guished from the langurs by the possc.ssion of well- 
developed check pouches into which they are able 
to store, temporarily, a great (piantity of food which 
can he masticated at leisure ; the stomach is simple. 
I’hey arc usually omnivorous and feed on insects and 
other animal matter as well as vegetable matter. The 
langurs, unlike the maca(|ues, possess .sacculated 
stomachs ; they arc vegetarian and feed mostly on 
leaves, tender .shoots and fruits of trees. Indian 
monkeys arc essentially arboreal and diurnal in 
habit. Seven species of macacpies and 4 species of 
langurs with their races have been recorded in India. 

* 'Mic vernacular nanic.s of monkeys in India in most ca.ses 
pertain to the hruwn or black colour of the animal and arc 
not specific. 
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Apes and man arc included in the super-family 
Hominoidea and arc distinguished from most other 
primates by the absence of a tail, the presence of 
vermiform appendix, a well organized or developed 
brain, and ability to assume an erect posture ; except 
in man and adult gorilla, locomotion is mostly by 
brachiation or overarm swinging. The Hominoidea 
include two families: Pongidae (anthropoid apes) 
and Hominidae (man). Apes are represented in India 
by the common gibbon belonging to the sub-family 
Hylobatinac (Montagu, 43-73 ; Kllerman & 
Morrison-Scot t, 192-2 1 2). 

Monkeys 

Macaques T\\{t Bonnet Macaque \Maeaea radiaia 
((jeoiTroy)! is a inedium-si/.ed, long-tailed monkey 
with a wig-like topknot of long dark hair radiating 
from a central point. It is represented by two races 
in India : A/, r. radiata (Geoffroy) is found in the 
plains and hills of IVninsular India except 'rravan- 
core, where it is replaced by the other race M. r. 
diliita Pocock. 

The Rhesus Macaque \Macaca midalta (Zimmer- 
man n)| lias a [lendulous tail and a greyish brown 
body, becoming orange red on the loin, rump and 
base of tail. Three races arc distinguished in India: 
A/, m, midatta (Zimmermann) is the smallest of the 



FIQ. 15«. MACAQA MULATTA— ADVLT WITH YQUNG QNg 


three races. It is the common monkey of North 
India, found from Nepal, Bhutan and parts of 
Assam in the north as far south as the rivers Tapii 
and Godavari : it is common around tanks and 
temples and places of pilgrimage. A/. villosa True 
(Kashmir — Wandar, puriz, ponj) is found in the 
s()uthern parts of Kashmir and in Punjab and 
Kumaon hills. The third race. A/, m. mcmahoni 
Pocock is larger than the preceding two and is found 
in Kashmir. 

'J'hc Assa.mese Macaque [Macaca assamemis 
M’Clelland) clo.sely resembles the rhesus macaque in 
size, but the orange red colour on the hind quarters 
is absent. It is represented by two races: A/, a. assa- 
inensis M’Clelland, occurring in Mishmi and Naga 
hills and possibly also in Sundarbans, and A/, a. 
pelops Iloclgson (Lefciia -Saliii ; Bhoha — Pin ; Dar- 
jEEt.iNc — Panali hander) found gregariously in the 
Himalayan forests from Mussoorie to Bhutan at alti- 
tudes of 610-1,830 in. ; the latter bears a relatively 
longer tail. 

The Blyth’s Pig-tailed Mac:aque is representctl in 
India by a single race. A/, neniestrina hlythi Pocock 
(Naga — Kangli), occurring in the forests of Naga 
hills. The Sitwip-tailed Macaque (A/, speciosa 
F. Cuvier) (Naga llu.Ls-Cliantee) is also found in 
Naga hills and is distinguished from all other Indian 
maca(|ues by the greatly reduced tail and by exces- 
sive elongation of the glan.s-penis. The Ijon-tau.kd 
Mac.\que \Macaca silenus (Linn.)| is distributed 
chiefly in the western ghats from Kanara south- 
wards. It is shining black in colour and is distin- 
guished from all other macaijues by the growth of 
long hair on temples and cheeks forming a mane ; 
the tail is tufted at the extremity. The Nicorar 
Crah-eai'ing Macaque is represented in India by a 
single race, Macaca irus unihrosa Miller : it is a 
monkey frecjuenting tidal creeks and inangnne 
swamps in Nicobar Islands. It feeds chiefly on crusta- 
ceans along the shores and can swim and dive 
readily. 

Langurs — ^The Common La.nguk or IIanuman 
Monkey \Presh\iis (Semnopitheeus) entellus Duf- 
resne] is distributed in almost all parts of India except 
the western desert. It is pale grey in colour, the 
hands, feet and face being black with overhanging 
eyebrows of stiff hair. The differences in the intensity 
of colour of this langur from various localities arc 
associated with the environment. Fourteen races arc 
distinguished: P. c. scliistaceus Hodgson (Kumaon — 
Gooni) occurs in Nepal terai, Oudh, Kumaon and 


419 


MONKEYS AND APES 



Photo : M. Krishnan 

FIG. 159. PRHSBYTIS (SKMNOPITHKClJS) FNTFI.LUS-MAI.B AND FEMAI E ADUI.TS 


Carliwal up to an altitude of 2,750 m. ; it descends to 
lower altitudes in winter ; P. (\ achillrs (Pocock) 
(l^EFcaiA — Saint kahon ; BncrriA — Propyaka), and P. i\ 
ajax (Pocock) are found at high altitudes, the former 
in Sikkim and Nepal and possibly in Kashmir and 
the latter, in the higher regions of the mountains of 
C'hamha, Kangra and Kulu, and possibly in Kash- 
mir : P. c. entcllus (l)ufresne) occurs south of the 
river Ganges from Bengal to Gujarat and is common 
lioth in forests and around villages and towns ; P, i\ 
ancliisrs (Blyth) is found in Madhya Pradesh and 
eastern ghats ; it is distinguished from the other races 
by its paler and mottled hands and feet ; P, e, achates 
(Pocock) occurs in Dharwar, Bcllary and Kanara ; 
it differs from P. c. ctitellus principally by its darker 
dorsal colour and paler crown ; P. c. talus (Pocock) 
has been recorded from Jog near Gersoppa falls 
(Mysore) : P. e. aetteas (Pocock) is a dark coloured 
langur found in south Coorg : P. c. dttssumieri 
Geofl’roy, P, e, hypolcucos Blyth, P. c, priatticllus 
(Pocock) and P. c. thersites (Blyth) (Tam. — Mundi) 
occur in Kerala ; P. e. priam Blyth is found in 
Dharmapiiri, Shevaroy, Palkonda and Nilgiri hills in 
South India ; and P, c, clissa (Pocock) has been 
recorded from Nagarhole (Coorg) and is distinguish- 


ed by its black hands and feet whi( h contrast sharply 
in colour from that of the body. 

'J1ie CAt'PKn T,a\t.iir \Preshytis (Trachypitltecus) 
pileatus (Blyth) | is a large-sized animal with a black 
face and a crown of erect long hair directed back- 
wards from the forehead. h^)ur races of the langur, 
all from Assam, have been reported : P. p. pileatus 
(Blyth), P, p, durga (Wroughton), P. p. teuebricus 
(Hinton) and P. p. brahma (Wroughton). 

The Nii.oiri or John’s Lanour \Presbylis (Kasi) 
johtii (Fischer)] is found in the hill tracts of western 
ghats from Coorg southwards, Nilgiri, Anaimalai, 
Brahmagiri, Tirunelveli and Palni hills, usually not 
below 9(X) m. The species was once very common on 
Nelliampathy hills, but its number has been reduced 
owing to persecution by tribal people for its flesh. 

The Golden or Sankosh Lancur (Presbytis geei 
Khajuria) is distributed in the Goalpara district 
(Assam) and probably extends to north Kamrup. It 
is distinguished from other langurs by the presence, 
on the throat, of a prominent orange red patch which 
extends to the cheeks, sides of neck and chest. 

Macaques and langurs move about in groups and 
cause considerable depredation of agricultural and 
horticultural crops. In towns and villages, they are 
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notorious for rol)l)ing eatables and damaging housc- 
liold effects ; their control is difficult on account of 
the religious abhorrence of killing monkeys. 

Some macaciues and langurs are Ininted for their 
flesh, furs and skins. The flesh of A/, assamnisis 
pdopSy A/, speciosa, P. cntellus, P, c. Iiypolcucos and 
P, jo/ini is eaten by some tribal people : the flesh and 
blood of A/, assawensis pclops and P. johni are 
considered medicinal. The skin of P. johni is used for 
drums (Regan, 860-73: Sterndale, 7-21; Prater. 
12 19; Pycraft, 780-98, 900-7. 911 14; Kllerman & 
Morrison-Scott, 192-211 ; Muir. /. Homba\ nnl. Hist, 
Soc., 1915-16, 24 , 353 ; Hinton & Wroughton, ibid., 
1920-21, 27 , 665, 813 : Hinton, ibid., 1923 -24, 29 , 77 : 
Ix*igh, ibid., 1924 25. 30 , 691 ; Pocock, ibid., 1927- 
28, 32 , 472, 503, 660: McCann, ibid., 1928-29, 33 , 
192: 1931-32, 35 , 51, 276, 297, 530: Angela Nolte, 
ibid., 1955 56, *77 ’ ibid., 1955-56, 53 , 252 : 

Isbwar Prakash, ibid., 1958, 55 , 154 : Mathur, Indian 
For,, 1954. 80 , 427 : Tiwari, ibid., 1955. 81 , 154 ; 
Parija, Indian Fnig, 1947, 8 , 520). 

Thousands of rhesus monkeys are caught alive and 
exported every year from India, chiefly to U.S.A.. 
Canada, W. Cierinany, U.K. and U.S.S.R. for use as 
experimental animals in pathological, aeronautical 
and astronautical investigations. Salk vaccine, used 
against poliomyelitis is prepared from tissue cultures 
of monkey kidney. Available information on the 
export of monkeys from India is summarized in 

TiMe I. 

Ape.s 

The family of apes [Pongidac) include the chim- 
panzee, gorilla, orang-utan and gibbon : of these only 
the last is found in India. It is the smallest among 
apes, slightly under 3 ft. in height, with very long 


TABLE l-EXPORT OF MONKEYS FROM INDIA 



Number 

V.-iluc 

Rs. 

195A .S4 

16,281 

2,97, .405 

1954 55 

l,00..U0 

18,15,221 

1955 56 

1,16,296 

28,57, .S57 

\956 (April-Dee.) 

1,49,097 

68,79,286 

1957 

1,90,844 

1,27,65,615 

19.S8 

1,01,05.4 

62,10,9.S0 

1959 

1,.S.S.6I4 

89,55.747 

1960-4)1 

1,21,747 

65.07,875 


arms. It is capable of walking on the ground in a bi- 
pedal posture, using the arms for balancing. 'The long 
upper extremities facilitate overarm swinging and 
the brachiating mode of progression through trees. 

The Hoolock or C'ommo.v (Jibbon \nylohatcs 
Itoolock (Harlan)l [liiSDi—UInk) is found in India 
only in the forests of A.ssam. Hoolocks may occasion- 
ally leave the forest and enter villages to plunder 
gardens (Montagu, 69 : I’ratcr, 1 1 ; Sterndale, 4 -6 : 
Regan, 873-76; Pycraft, 917-18; Kllerman & 
Morrison-Scoli, 212 ; McCann, /. B(wiha\ nat. Hist. 
Sue., 1932 33, 36 , 395 ; Peart, ibid., 1934 35. 37 , 214). 

Monkshood — .sec Aconitum 

MONOCHORIA Presl (Potilrdvriacvar) 

A small genus of rhizomatous acpiatic herbs distri- 
buted from North-Kast Africa to Manchuria and 
.southward to South Australia. Two species occur in 
India. 

M. hastata Sol ms syn. A/, hastar folia Presl 

Kl. Br. Ind., VI, '362 ; VI Malesiana, Ser. I, 4(3). 

258, Fig. I. 

Tel. Nir-taniara ; Mai.. Karinknvalam, kola- 
chempu. 

Mundari — Huritifr demdem, duindnni ara. 

A perennial herb with elongate, creeping, spongy 
root.stock found in the margins of tanks and ponds, 
swamps, ditches, marshes, rice lields and sometimes 
in bracki.sh water, almost throughout India. Leaves 
long-pet ioled, .sagittate, hastate or cordate : flowers 
purpli.sh-bluc or violet blue dotted with red. in sub- 
umbellate racemes ; capsules small, ellijisoid, sub- 
globose or oblong. 

Tender stalks and leaves of the plant are eaten as 
vegetable : rootstocks are used as food for cattle and 
pigs. 'Khe plant is considered alterative, tonic and 
cooling. A juice of the leaves is applied to boils. In 
Celebes, rhizomes, pounded with charcoal, are used 
for scurf (Macmillan, 302 : Burkill, II. 1489 : Uphof. 
241 ; Chopra, 508). 

M. vaginalis Presl 

FI. Br. Ind., VI, 363 ; FI. Malesiana, Ser. I, 4(3), 
256 ; Kirt. & Basu, PI. 979. 

Bexc. — Nnkha, )tanka ; Tki.. — Nirkancha ; Mat.. - 
Kakapola. 

An aquatic herb with short, sub-erect spongy root- 
stocks found in rice fields, ditches, margins of tanks 
and pools, .swamps and marshes almost throughout 
India, ascending up to i,5fK> m. in the hills. Leaves 
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riG. 160. MONOCHORIA HASTATA-FI.OWliRING BRANCH 


long-jKMioIcd. linear ro ovate and ovate-cordate or 
siib-reniinrin ; flowers blue, usually spotted with red, 
in sub-spicate racemes ; capsules ellipsoid. 

The entire plant, excepting the roots, is eaten as 
vegetable. Tn Java, juice of leaves is taken for coughs 
and that of roots for stomach and liver complaints, 
asthma and toothache (Kirt. & Basu, IV, 2530). 

MONOTROPA I .inn. [Monotropaccac ; Pyrolaceae) 
FI. Br. Ind., Ill, 476; Collett, 295, b'ig. 90. 

A small genus of saprophytic herbs, devoid of 
chlorophyll, distributed in North and South America 
and Asia. One species occurs in India. 

Af. unifUmi Linn. (Indian Pii*k). a glabrous, whitish 
herb, 15.0-37.5 cm. liigh, with broadly lanceolate 
scales and scape, terminated by solitary, white flower, 


is found in the temperate Himalayas and Khasi hills, 
at altitudes of 1,800-2,400 m. The plant contains a 
toxic hitter principle Anueous and ace- 

tone extracts of the stem are active against Gram- 
positive bacteria. The root is considered sedative, 
nervine tonic and antispasmodic (Wehmer, II, 906 ; 
Nickell, Econ. Bol., 1959, 13 , 28 1 : Hocking, 143). 

MONSTERA Adans. (Annrae) 

A small genus of tropical evergreen climbers 
native of West Indies and tropical America. One 
species has been introduced in India and grown in 
gardens for its ornamental foliage and edible fruits. 

M. deliciosa Liebm. syn. Philodendron pertmum 
K until & Bouchc Ck.riman 
Bailey, 1947, 2063, Fig. 2385. 

A large climber, native of central America, culti- 
vated in gardens throughout India for its large, 
bright green, perforated leaves and cone-like fruits 
up to 25.0 cm. long. The plant can be propagated by 
seeds but usually stem cuttings are employed. It 
grows well on any well-drained soil and needs a 
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support to cliinl) up. When grown for fruits It should 
he pruned and not allowed to grow more than 
2.4-3.0 ni. I'hc vines produce fruits in about 2-3 years 
after planting |Copalaswamiengar, 361 ; Btill. tutl. 
hot. Gcim, iMckmnv, No. 7, 195^^ ; Singh & Johal, 
Indian Ilorl., 1958-59, 3(2), 19 ; Naik, 407 ; Krishna- 
murthi, 114]. 

The fruits are edible and take about a year to 
mature after flowering. The ripening is gradual from 
base upwards and the fruits are ready for use in about 
a week or more after picking, when all the scales fall 
olT. The fruits have a mixed flavour of pineapple and 
banana and are considered a delicacy. Unless washed 
well before eating, the remnants of the flowers arc 
said to create irritation of the throat. Consumption 
of the fruit also causes sometimes allergy or anaphy- 
laxis (Naik, 407 ; Singh & Johal, loc. cit. ; Burkill, IT, 
1490; Webb, Ball. Conn. sci. industr. Res. Anst., 
No. 232, 1948, 20). 

The aerial roots of this platii are reported to he 
used in Mexico for making strong baskets |Standley 

Steyermark, Ficlduina, BoL, 1958, 24 (i), 331]. 

Moon Flower — see Calonyction 
Moon Plant — see Sarcostemma 
Morchella — see Fungi 
Morel — see Fungi 

MORINA I anil. (Dilysacaceae) 

A stiiall getuts of peretinial herbs native of Asia. 
Six species occur in India. 

M. longifolia Wall. 

FI. Rr. Ind., Ill, 216 ; Coventry, I, PI. XXII. 

A tall spitioits herb, 60-120 ctn. high, round in 
temperate and alpine Himalayas, from Kashmir to 
Rhulan, at altitudes of 2,4no-4,2(V> m. Ivcaves oppo- 
site or in whorl? of three, long, narrow, prickly with 
spiny teeth ; flowers variegated rose pink and white, 
in distant whorls in leaf axils forming a long inter- 
rupted spike. 

Tlie plant posses.ses strong aromatic properties ; it 
is used as an incense and in the preparation of dlinpj 
agar bal ties, etc. On steam-distillation, the plant 
yields 0.34% of an essential oil (sp. gr.' ’ . <'-9525 : 

1.4775) |Handa et al., J. sci. industr. Res., 1957. 
I6A (5), suppl., i8|. 

A/, coulteriana Roylc is a tall herb, 30-90 cm. 
high, with showy flowers found in sub-alpine western 
Himalayas, from Kashmir to Garhwal, at altitudes 


of 2,7(K)-3,9 <k) m. The plant is used as incense. This 
species and also A/, persiea Linn., a tall herb, 45- 
120 cm. high, arc ornamental and suitahle for grow- 
ing in borders : the latter is considered medicinal 
(Chittenden, III, 1320). 

MORINDA Linn. {Ruhiaceae) 

A genus of shrubs and small trees distributed 
throughout the tropics. About 8 species arc found 
in India. 

The roots of many of the species of Morinda were 
at one time used in various parts of India for dyeing 
cotton and also wool and silk, under the names al, 
acli, suraugi, etc. A/, citrifolia and A/, eoreia are con- 
sidered to he the chief sources of al dye : some of 
the other species of the genus, particularly A/, brac- 
teata. A/, tonientosa and Af. unibellata, were also 
exploited for the same purpose. Some authorities in 
the past, considered most of these dye yielding 
species as mere forms of the very variable Af. eitri- 
folia (Rurkill, II, i49i-{;5 : Thorpe, Vlll, 236-3S ; 
/IgnV. Ledger, 1895, 129). 

M. angustifolia Roxi). 

I).K.R, V, 260; C.R, 782: FI. Hr. Ind., Ill, 156. 

Bkno. -Asho, darhharidra. 

Nf.p.m. Barr-hardi : Lkpciia Huldi-kung : Assam 

/l.s7/-goc// ; Khasi — Dieng-nong, dieng-seroi : Caro 

Chheumnig ; Litshai — Kazvnpel. 

A shrub or a small tree found in eastern Hima- 
layas, Assam, Bihar, Orissa and Andhra Pradesh up 
to an altitude of 1,800 m. Leaves large, elliptic or 
ohovate lanceolate : IF)wers white, fragrant. 

'Hie roots yield a yellow dye whit h was formerly 
used for dyeing cotton yarn and cloth : red shades 
are obtained on mordanted yarn by using cold water 
extracts of the root. 

M. citrifolia Linn. 

D.L.P., V, 261 : C.P., 783; FI. Br. Ind., Ill, 155. 

lliNOi, Beno., (irj. ik Mar. — Al, aeh, suratigi, 
bartundi ; 'Vva.. -Maddi, togaru ; 'Pam. — Nuna, 
logarn ; K.\s. - A ins/ii, iagase, ntaddi ; Mai.. — Katta- 
pitahwani, niannanalti ; Oriya — Acliu, pindra. 

A small tree with a straight trunk, formerly culti- 
vated throughout the greater part of India and now 
found only in the wild state or as an escape in parts 
of Bengal, Bihar, Orissa, west coast and Andaman 
Islands. Leaves broadly elliptic, bright green, 
glabrous : flowers white, in dense ovoid heads ; fruits 
ovoid, glossy, white when ripe: pyrenes com|)ressed, 
winged on edges. 
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M, dlrifolia was formerly cultivated as a Held crop 
on an extensive scale and its roots exploited as the 
source of al dye. Under the conditions of cultivation, 
the plant begins to hear (lowers and fruits within 
2-3 years of planting. I1ie roots are dug out when 
the plants are 3 4 years old, dried and sorted for use 
hy the dyeing trade; roots thicker than 1.3 cm. are 
discarded as worthless. The colouring matter resides 
in the root hark and is ])resent to the maximum 
extent when the plants are 3-4 years old. Mature 
trees hardly contain a trace of it. Kor dyeing, the 
roots are chipped and given a preliminary steeping 
in water to wash off the free acids. Best results 
in dyeing are obtained from a neutral dye-bath 
ol washed morinda root. Red, purple and chocolate 
shades arc produced on mordanted cotton, silk or 
wool, the shades being fast to soap. The dyeing 
power of morinda root, when necessary precautions 
are taken, excels that of madder. 'Fhe use of al dye 
has been virtually abandoned since the advent of 
synthetic dyestuffs (Thorpe, VIII, 236-38). 

The colouring principle of morinda root is morin- 
done (trihydroxy methylanthra(|uinone, 
m.p. 281 82’’), [)resent in the hark mainly as the 
glucoside morindin (C.^II.^.O,,, m.p. 264.5'' decomp.) ; 
on hydrolysis morindin yields glucose, rhamnose 
and morindone. The root contains, in addition, ruhi- 
chloric acid, ali/ariii /i-methyl ether, ruhiadin-i- 
methyl ether, two isomeric dihydroxy meihylanthra- 
f|uinones (morindadiol, C,-1I,„0,, m.p. 244" : and 
soranjidiol, m.p. 276 ), and two trihydroxy methyl- 
anthra(|uinone mono methyl ethers (m.p. 216“ and 
172"). Morindone may he conveniently prepared in 
(piantity hy extracting the roots with sulphurous 
acid ; the non-tinct()rial yellow compounds arc 
obtained as by-products : morindone has been synthe- 
si/ed. The woody part of the root hardly contains any 
morindone ; if contains mostly yellow colouring 
principles (Thorj)e, VIII, 236-38; Mayer & Cook, 
127-29; Ucilhron tV Bunhury, III, 535; Perkin tV 
Everest, 47 ; Bhatiacharya & Simonsen, /. liulirDi 
Inst. Sci., 1927, lOA, 6). 

i\f. dlrifolia is grown as a shade tree and as 
support for pe[)[)er vines. Tender leaves are reported 
to he eaten as pot-herh in times of scarcity ; fruits 
are also eaten. The tree is lopped for fodder and 
leaves are used to rear silkworms. The pulp of the 
fruit is used for cleansing hair. The fruits yield a 
small amount of yellow e.sscntial oil (sp. gr.'’‘\ 0.927) 
consisting mainly of hexoic and octoic acids with 
small (juantities of a paraflin (m.p. 60”) and esters 


of ethyl and methyl alcohols. The wood of the tree 
is yellowish brown, fairly hard and close-grained ; it 
is used for turning and for making plates and toys 
(Burkill, 11 , 1493-^4 : Laurie, Indian For. Leaf!., 
No. 82, 1945, 15 ; Kirt. & Basu, II, 1295 ; Finnemore, 
818 ; Rama Rao, 214). 

Most parts of the plant are reported to j)ossess 
medicinal properties. The root is used as a cathartic 
and febrifuge, and applied externally to relieve pain 
in gout. Leaves are considered tonic and febrigue ; 
they arc used as a healing application for wounds 
and ulcers ; the juice of the leaves is externally 
applied in gout. Kruiis arc used for spongy gums, 
throat complaints, dy.seiitery, leucorrhoca and 
sapraemia (Chopra, 1958, 514; Kirt. & Basu, II, 
1295: Burkill, IT, 1493-94). 


*M. coreia Buch.-Ham. syn. M. tinctoria Roxh. 
D.E.R, V, 274; C.P., 783 ; FI. Br. Ind., Ill, 156. 

A small to medium-sized tree with a straight 
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* M. coreia has been considered by some authors as the wild 
form or a variant of Af. citrifoUa. It is generally known by the 
same vernacular names as those of A/, ciirifotia and is put to 
similar uses. 
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Dchra Ihw. Photo : S. S. Chosli 


FIG. 16i. MORINDA CORtslA— TRANSVERSE SECTION OF WOOD (xlO) 

cylindrical stem, 3.6-4.^ m. in length and c. 90 cm. 
in girth, found in dry forests throughout the greater 
part of India ; it is cultivated in some places. Bark 
corky, pale brown, long fissured : leaves elliptic or 
lanceolate ; flowers in dense ovoid lieads, white, 
scented : fruit a drupe, globose or ovoid, c. 2 cm. in 
diameter, edible. 

The tree is lopped for fodder. Analysis of leaves 
gave the following values: nitrogen, 2.02: calcium 
(as (utO), 3.77 : and ash, 9.33"... The roots of the 
plant, like those of Af. dtrifolia were formerly used 
in dyeing cotton (I^aurie, loc. cit. ; Puri, /. Indian 
but, Soc., 1954, 33 , 17). 

The wood is light red when freshly cut, often with 
yellow streaks, changing to didl red with age. It is 
smooth, somewhat lustrotis, straight-grained, medium- 
textured, moderately hard to hard and light 
(sp. gr., 0.52 : wt., 34 Ih./cii. ft.). The wood is liable 
to warping and end-splits during seasoning ; green 
conversion of logs and stacking under cover with 
ends protected are recommendecl. It is durable, .saws 
easily and can be worked to a good surface. The 
woocl is used for making plates and dishes, occasion- 
ally for yokes and combs : it may he used for furni- 


ture, toys, cotton reels, slate frames and pen holders 
(Pearson & Brown, II, 656-58). 

The root hark of A/, cor da contains m or in done 
and its glucoside morimlin. The heart wood contains 
three anthracpiinone pigments, namely, morindone, 
damnacanthal m.j). 212^) and nor- 

damnacanthal ni.p. 218 20“) (Thorpe, 

VIII, 236 : Murti ct al., ]. sd. industr. Res., 1959, 
18 B, 367). 

M. umbellata Linn. ; I look. f. (FI. Br. Ind.) in part 

D.lvP.. V, 275 : C.P., 784 : FI. Br. Ind., Ill, 157. 

A diffuse or climbing shrid) found in Khasi hills, 
Bihar and Deccan Peninsula at an altitude of 
1,500 m. Leaves elliptic, oblong or lanceolate; 
flowerheads in terminal sessile umbels : frtiit scarlet, 
lohed. 

The fruits of the plant are edible ; green fruits are 
used in curries. A decoction of roots and leaves is 
considered useful in diarrhoea and dysentery (Kirt. 
tS: Basil, II, 121/)). 

7 ’he ro(H hark contains the colouring principles, 
morindone and morindin. It ccuitains, in addition, 
a considerable amount of rtihichloric acid and small 
cpiantities of a trihydroxymethyl anthr€ic[uinone 
methyl ether (m.p. 216*"), morindanigrin, C,„II,„0:. 
(m.p. 210''), i,3-dihydroxy-6-methyl anthracpiinone 
(m.[). 269°), a derivative of dimethyl anthracpiinone, 
C',,;fIiaD,i (m.j). 258”) and a hydroxy-methyl anthra- 
ejuinone carboxylic acid, (m.p. 198-99*^) 

(Thorpe, VIII, 238 ; Mayer (S: Cook, \2ij). 

A/, hractcata Roxh. syn. A/, dtrifolia var. 
braclcaia H<x)k. f. (FI. Br. Ind.) is a shrub or a 
small tree found in the coastal forests of Bengal and 
Deccan Peninsula. 'The roots of the plant were 
formerly tised in dyeing (Bent hall, 277-78). 

A 7 . lomcntosa Ileyne ex Roth syn. A/, tinctoria 
var. tomcnlosa Hook. f. (FI. Br. Ind.) is a small tree 
found throughout the greater part of North India 
and Deccan Peninsula. The root hark yields the al 
dye. The fruit is eaten. The wood is used for making 
plates and dishes (Talbot, 11 , 123). 

MORINGA Ada ns. [Moringaccac) 

A small genus of c|tnck-growing trees distributed 
in India, i\rahia, Asia Minor and Africa. Two species 
are recorded from India, of which one. A/, olcifcra, 
is widely cultivated in the tropics for its edible 
fruits. 
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M. oleifera Lam. syn. A/, picry^ospi rma Gacrin. 

DRUMSrK:K l UKK, IIoRSK RaOISH TrF.E 

D.K.P.. V, 276: C.P., 784; FI. Hr. Iiul., II, 45. 

•Sans. Shohhtiujand : saiitjna, 

sltajnu ; Be.\c;.- Sajiiui Mar . — Achajliaflay shcvfri ; 
Guj. — Midhosaragavo, saragavo ; Tel. — hluhtga, 
miinaga, tcllamuua^a ; "I’am. — Murungai ; Kan. — 
Nuggc : Mai.. — Mtirvnw, sigru, moringa. 

Assam — Saijtia, solijna ; Orissa — Sajina ; Punjab — 
Sauijna, soanpia ; Santal — Mnnga arak. 

A small or mccliiim-sized tree, about 10 m. high, 
[omul wild in the suh-Himalayan tract, from Chenah 
eastwards to Sarda, and cultivated all over the plains 
of India. Bark thick, soft, corky, deeply fissured: 
young parts tomentosc : leaves usually tri-pinnate: 
leallets elliptic : flowers white, fragrant, in large 
panicles : pods pendulous, greenish, 22.5-50.0 cm. or 
more in length, triangular, rihhed : seeds trigonous 
with wings on angles. 

'file tree is indigenous to North-West India and is 
plentiful on recent alluvial land in or near sandy 
beds of rivers and streams. Ti is often cultivated in 
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hedges and homeyards. It grows in all types of soils, 
except stiff clays and thrives best under the tropical 
insular climate of S. India. The tree can he propa- 
gated by seeds or from cuttings : cuttings are pre- 
ferred. Plants raised from seeds produce fruits of 
inferior (juality. Further, cuttings of fairly large 
size, planted in moist soil, strike root readily and 
grow to sizeable trees within a few months. Under 
N. Indian conditions, the tree sheds its leaves in 
Decemher-January and new leaves appear in 
February -March. They are followed by llowers and 
long whip-like tender fruits, which ripen during 
summer. Sometimes, particularly in S. India, llowers 
and fruits appear twice a year. A good tree yields as 
many as i,<:x)o fruits (Troup, I, 250; Benthall, 158; 
Mutliuswamy, S. Indian Hart., 1954, 2 , 18 : Ball. 
Indian Cocon. Cornm., 1954-55, 8^ loi)- 

There are not many named varieties of this tree in 
India. A type, named Jaffna, grown in parts of S. 
India produces fruits 60-90 cm. in length : Chavaka- 
c/icri murnnga, akso a Jaff}ja type, bears fruits as 
long as 90-120 cm. : Chem murunga is a type yield- 
ing pods with red tips, 'frees growing wild usually 
hear inferior, sometimes bitter, fruits (Miiiluiswamy, 
loc. cit.). 

The tree is not afl’ected bv any serious disease in 
India. A foot-rol, caused by Diplodia sp., has been 
observed in Madras. Two caterpillars and a stem 
borer arc known to affect the tree. Of these, the 
hairy caterpillar, Euptcrolc niollifrra Wlk., causes 
defoliation : it is controlled by spraying - the tree 
with fish oil-rosin soap or Bl IC. or hy burning with 
lighted torch (Mem. Dcp. Agric. Madras, No, 56. 
1951, 1067 : Ramakrishna Ayyar, 266 ; Muthuswamy, 
loc. cit.) 

I'be tree is valued mainly for the tender pods 
which are esteemed as vegetable, 'fbey are cut into 
slices and used in culinary preparations : they are 
also pickled. Flowers and tender leaves are eaten as 
pot herb. Seeds are consumed after frying : they are 
rejjorted to taste like peanuts. The roots of the tree 
are used as condiment or garnish in the same 
way as those of true horse radish {(U)chlcaria 
artnoracia). Twigs and leaves are lopped for fodder 
(Burkill, II, 1^96: Parker, 121 : // EnhI. imp. agric. 
Bur., No. 10, 1947, in). 

All parts of the tree arc considered medicinal and 
used in the treatment of ascites, rheumatism, veno- 
mous hites and as cardiac and circulatory stimulants. 
The root of the young tree and also root bark are 
rubefacient and vesicant. 11ic leaves are ridi iti 
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vitamins A and C and arc considered useful in 
scurvy and catarrhal affections : they arc also used 
as emetic. A paste of the leaves is used as an external 
application for wounds. Flowers are used as tonic, 
diuretic and cholagogue. The seeds are considered 
antipyretic, acrid and hitter. The seed oil is applied 
in rheumatism and gout (Burkill, If, 1496: Dal/iel, 
23 ; Chopra c/ al., 161-63 : Chopra, 195H, 365 67 : 
Kirt. & Basil, I, 67S-S0). 

Analysis of pods gave the following values: mois- 
ture, 86.9 : protein, 2.5 : fat (ether extr.), o.i : carbo- 
hydrates, 3.7 ; fibre, 4.8 : and mineral matter, 2.o''<,: 
calcium, 30 : phosphorus, 1 10 : and iron, 5.3 mg./ 
100 g. : coiiper (3.1 /tg./g.), iodine (18 //g./kg.) and 
oxalic acid (o.or;,,) are present. The polls contain: 
carotene (as vitamin A). 184 i.u, : nicotinic acid, 
0.2 mg.: and ascorbic acid, 120 mg./ 100 g. Pressed 
juice of the pods contains ascorbic acid oxidase 
[Hlth Bull., No. 23, 1951. 38 ; Bagchi & Chowdhury, 
Ann. Biochnu.y 1949, 9 , 107 ; Iodine Content of 
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Foods, 126; Basil & Ghosh, Inditiu J. mcd. Rrs., 
1943, 31 , 29 ; Srinivasan, Curr. Sci., 1935 36. 4 , 407). 

The pods contain a globulin (N, 15.6 : sulphur, 
1.58".,) and a prolamin (N, 14.02; sulphur, 1.43%). 
"i’he essential amino acids present iti the total pro- 
teins arc (g./ib g. N): arginine, 3.6; histidine, i.i : 
lysine, 1.5: tryptophan, 0.8: phenylalanine, 4.3: 
methionine, 1.4: threonine, 3.9; leucine, 6,5; 
isoleucine, 4.4 ; and valine, 5.4. Non-protein nitrogen 
forms 56.9".. of the total nitrogen. The distribution 
of amino acids in the non-protein fraction is as 
follows: histidine, 4.6; arginitie, 48.0: threonine, 
19.5: valine, 27.5: methionine, 2.6: phenylalanine, 
5.6 : isoleucine, 15.0 : leucine, 18.2 ; and tyrosine, 
3,7 mg./ 100 g. ; lysine and tryptophan, traces: and 
cystine, nil. The |)ods are remarkably rich in free 
leucine (Ran Ranganathan, /. Indiuu Insl. Sci., 
1937. 20 A, 49 ; Kuppuswamy rl ul.. 116: Kulk.irni 
Sohonie, Indian J. mcd. Res.. 1956, 14 , 51 1). 

The leaves are rich in carotene and ascorbic acid. 
Analysis gave the following values: moisture, 75.0: 
protein. 6.7 ; fat (ether extr.), 1.7 : carbohydrates, 
13.4: fibre. 0.9: and mineral matter, 2.3’ ..: calcium, 
,^40: |)hosphorus, 70: and iron, 7.0 mg./ too g. ; 
copper (i.i /ig./g.) and iodine (51 /*g./kg.) are 
present. Leaves contain: carotene (as vilaniin A), 
ii.3(M) i.u.: vitamin B,. 210 /Ag. : nicotinic acid, 

0. 8 mg. : ascorbic acid, 220 mg. : and tocojiherol, 

7.4 mg., i(K) g. Kstrogenic substances and a pectin- 

esterase are reported to be present. Attempts have 
been made to prepare ascorbic acid concentrates by 
extracting leaves with water, concentration and 
dehydration. Imu* this purpose, leaves are collected 
during the ])eriod of maximutn vegetable growth : 
the vitamin is fairly stable in a(|ueous extracts, the 
loss ob.served even after 3 days of storage being 25” 
Ascorbic acid oxidase is elaborated in the leaves after 
the tree llowers and the vitamin is rapidly destroyed 
in aipieous extracts of leaves gathered after the 
flowering stage (tilth Bull.. No. 23. 1951. 32 : Chott. 
Ahstr., 1947, 5^3 • buline Content of lM)ods. 126 : 

Bagchi & Chowdhury. loc. cit. : Pithawala Sree- 
nivasan, Broc. nal. Inst. Sci. India. 1951, 17 , 265: ]. 
Indian Insl. Sci.. 1958. 40 A, 83 : J^anse Sreenivasan, 
Curr. Sci., 1945. 14 , 303). 

1’he essential amino acids present in the leaf 
proteins are (g./ 16 g. N): arginine, 6.0: histidine, 
2.1: lysine, 4.3: tryptophan. 1.9: phenylalanine. 

6.4 : methionine, 2.0 : threonine, 4.9 : leucine, 9.3 ; 

1. soleiicine, 6.3: and valine, 7.1. The biological value 
and dige.stibility co-eflicient of leaf proteins (at 5% 
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level of protein intake) are respectively 41% and 77%. 
Non-protein nitrogen accounts for 16% of the total 
nitrogen of tender leaves. The nitrogen distribution 
in the non-|)rotein fraction is as follows: sol. humin 
N. 5.25 ; insol. humin N, 5.25 : amide N, 7.89 : basic 
N. 34.21 ; and non-hasic N, 47.37%. Feeding trials 
with rats have shown that drumstick leaf powder 
has a high supplementary value to rice diet (Kuppu- 
swamy et nL, 112, 116; Swaminathan, Indian J. mcd. 
Res., 1937 -38, 25, 847 : Ran & Ranganathan, Ctirr. 
Sci., *937 -38, 6, 609 : Siir, Bull. cent. Fd ieclinol. Res. 
Inst., Mysore, 1954-55. 4, 159). 

The flowers contain traces of alkaloids ; they also 
contain a wax (m.p. 69-72° : acid val., 10.5 ; sap. val., 

29.5 : and iinsapon. matter, 75.5V0). (piercetin and 
kaempferol ; the ash is rich in potassium and 
calcium (Rangaswami & wSankarasiihramanian, Carr. 
Sci., 1946. 15, 316: Pankajainani vS: Seshadri, Proc. 
Indian Acad. Sci., 1952, 36A, 157). 

Seed oil — The seeds (av. wt. of seed. 0.3 g. : shell, 
26-30% ; kernel, 70-74“ ,) are oleaginous. Analysis of 
the kernel gave the follow^ing values: moisture, 4.0; 
crude protein, 38.4 ; fatly oil, 34.7 ; N-free extr., 
16.4 ; fibre, 3.5 : and mineral matter, 3.2*;... A pale 
yellow non-drying oil with a mild pleasant flavour 
can he extracted from the kernel ; it deposits stearin 
on chilling. The characteristics of the oil are as 
follow^s: .sp. gr. ‘", 0.S984 : //*", 1.4652: acid val., 

3.5 ; sap. val., 182.2 : iod. val., 64.2 : R.M. val., 0.44 : 
acet. val., 11.5: Hehncr val., 91.6; and unsapon. 
matter, 3.05“,,. The component fatty acids of the oil 
are: palmitic, 9.3; stearic, 7.4; hehenic, 8.6; and 
oleic, 65.7'’n : the pre.sence of myrislic and lignoceric 
acids has been reported by .some authors : glyceride 
composition: trisatiirated, 1.40: disaturated mono- 
unsaturated, 23.47 : monosaiurated di-unsaturated, 
25.62: and tri-unsaturated, 49.5r;n- The proportion 
of acids found in oil samples from llaiti and 
Trinidad are reported to be somewhat different 
(Fckey, 450-51 : Adriaens, 81 : Rao et al., j. Indian 
client. Soc., 1953. 30, 477 : Ayyar & Parekh, Proc. 
Indian Sci. Congr., 1932. 214). 

The oils from the seeds of M. oleifera and of 
M. peregrina Fiori syn. A/, aptera Gaerlin. are known 
in the trade as Ben or Behen oil, used locally for 
edible purposes, illumination and in cosmetics. Ben 
oil was erroneously reported to he. resistant to ranci- 
dity and con.sidcred particularly suitable for cnfleur- 
age and as a lubricant for fine machinery. The oil 
turns rancid like any other vegetable oil. It resembles 
olive oil and may be of some value as a constituent 


of non-yellowing, non-drying, plasticising alkyds 
|Kckey, 450: Brown, 1941, 11 , 60: Krishna et al., 
Indian For. Rec., N.S., Client. y 1C936, l(i), 26 : Chat- 
field, 81 1. 

The cake or meal, left after the extraction of oil 
from the kernels, has a bitter taste. It is used as a 
fertilizer : it contains : crude protein, 58.93 : lime 
(CaO), 0.40 : phosphoric acid (P2O3), i .(x; ; and 
potash (K^O), 0.80% (Adriaens, 82 : Jamieson, 39). 

Alkaloids — The root hark contains two alkaloids 
(total alkaloids, 0.1%), viz. moringine which is identi- 
cal with henzylamine and moringinine belonging to 
the sympathomimetic group of ba.ses. The latter acts 
on sympathetic nerve endings, producing a rise in 
blood pressure, acceleration of heart heat and con- 
striction of blood vessels : it inhibits the tone and 
movements of involuntary mu.scles of the gastro- 
intestinal tract and relaxes bronchioles. An alkaloid, 
named spirochin, has been isolated from the roots ; 
in high doses, it paralyses the vagus nerve. The root 
hark contains traces of an essential oil with a pun- 
gent smell, phytosterol, waxes and resins. The hark 
yields a coarse fibre (Chojira et al., Indian J. med. 
Res., 1932-33, 20, 533 : Ghosh et al., ibid., 1934-35, |2, 
785 : cfhakravarti. Bull. Calcutta Sch. trap. Med., 
*957» 5 , 123: Chatterjee & Maitra, Sci. Cult., 
*95 *-52. 43). 

A ///t 7 ;/o/icA— Pressed juice of the leaves of the plant 
show strong antibacterial activity against Micro- 
coccus pyogenes var. aureus, Escherichia coli and 
Bacillus suhtilis. The leaf juice is bacteriostatic in a 
dilution of i : i,(Kk),o()o |Scharpenseel et al., Araneta 
J. Agric., 1956, 3(2), 46|. 

The roots contain an active antibiotic principle, 
pterygospennin (Ca^HisOaN.S^, m.p. 15°), w^hich is 
ojnained as a low-melting unstable substance with a 
characteri.stic odour, soluble in organic solvents but 
sparingly soluble in water. It readily decomposes to 
benzyl isothiocyanate : it is more stable in phos- 
phate buffer than in water. Pterygospennin (in con- 
centrations of 0.5-3 **^l^*6its the growth of 

many Gram-positive and Gram-negative bacteria in- 
cluding Micrococcus pyogenes var. aureus. Bacillus 
suhtilis, Escherichia coli, Aerohacter aurogenes. 
Salmonella typhosa, S. enteritides, S. paratyphosus. 
Shigella dysentcriae, Mycobacterium phlei and 
A/, tuberculosis var. hominis. In higher concentra- 
tions (7-10 /Ag./cc.), it is active against fungi. It is 
stable in the presence of blood and gastric juice but 
breaks down in the presence of pancreatic juice. Its 
effect is counteracted by thiamine and glutamic acid 
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hut reinforced hy pyridoxine. Ft is loxic ro experi- 
mental animals, hut in low concentrations protects 
mice against staphylococcal infcciions. In view of its 
activity against moulds and fungi and negligible ellecr 
on seed germination, pterygospermin may find appli- 
cation in the preservation of friiiis and vegelahle and 
in seed treatment (Rao et al., Nature, Loud., 1946, 158, 
745 ; Rao ^ Natarajan, Froc. Indian Acad. .Sc/., 
1949, 29B, 148 ; Kiirup & Rao, /. Indian Inst. Sci., 
1952, 34A, 219 : Rao Kurup, Indian J. Fliann., !9<>3, 
15, 315: Kurup & Rao, Indian J. mcd. Res., 1954, 
42, 85, loi ; Gopalakrishna et al, ihid., 1954, 42, 97). 

Cum --The stem of the tree exudes a gum which 
is initially white in colour hut changes to reddish 
hrown or brownish black on exposure. It is sparingly 
soluble in water hut swells in contact with it giving 
a highly viscous solution. It is a polyuronide consist- 
ing of arahinosc, galactose and glucuronic acid in the 
proportion of 10:7:2 moles: rhamnose is present in 
traces. The gum is locally used in calico-printing 
(Howes, 1949, 77 : Ingle & Bhide, /. Indian client. 
Soc., 1954, 31, 939 : Benthall, 13S). 

M. cuncanensis Nimmo is a small tree resembling 
A/, oleifera found in R.ajasthan, dry hiHs of Konkan, 
Andhra Pradesh and Coimhatore. Leaves hi-pinnate, 
somewhat longer than those of M. oleifera ; flowers 
pinkish yellow. Various parts of the tree are used in 
indigenous medicines in the same way as those of 
A/, oleifera. The seeds yield 38'\. of a yellowish fatty 
oil with a mild pleasant odour : the characteristics 
of the oil are as follows: id''\ 1.4624: acid val., 2.6: 
sap. val., 189.3 ' (Wijs), 79.2 : R.M. val., 

0.57: Polenske val., 0.26: acet. val., 23.1: Jtnd 
iinsapon. matter, i.i'*,, (Patel, (Uirr. Sci., 1943, 12, 
272). 

Morning Glory — sec Ipomoea 

MORUS I anil. (Moraceae) 

A small genus of trees or shruhs distrihuted in the 
temperate and suh-tropical regions of the northern 
hemisj)here. Tour or live species occur in India. 

C'ommonly known as Mulberries, a few of the 
Moms species are valued for their foliage which 
constitute the chief feed for midherry silkworms 
(Bonihyx mori Linn.). Some species are grown for 
their edible fruits and useful timber. 

The identity and nomenclature of the species 
grown for purposes of rearing silkworms and lor 
fruits and timber are somewhat confusing. Accord- 
ing to earlier literature, the species found in India 


were designated as M. alha, M. indica Linn., A/, atro- 
purjyurea Roxh., A/, nigra, M. serrata and A/, laevi- 
gata. Later authors have considered the first three as 
merely synonyms or varieties of A/, alha, while the 
other three are kept distinct. Besides the.se, a large 
number of mulberry types have been introduced into 
India from China and japan mainly for rearing silk- 
worms. 'Fhe introductions are reported to belong to 
two species, M. multicauUs Pen*, and M. latifolia 
Poir., hut some authorities regard them as a variety 
of A/, alha (M. alha var. midticaulis Loud.) (Mukerji, 
1899, 1-4: Bailey, 1947, II, 2069: Bailey, 1949, 337 ; 
Rehder, 1949. 147). 

M. alba Linn. Whitk Mulbf.kry 

D.L.P., V, 279. 281 : C.P., 784-85. 998 : Kl. Br. Ind., 
V. 492. 

Hindi Tut, tutri, cliinni : Bkn(;. --T*/// ; Mar. — 
Tut, amhat ; Cv]. Shetur ; Tki.. — Reshnie cliattu, 
pippalipandu chettu ; Tam. Musukette, kamhli 
chedi : Kan. Ilipnerle ; Oriya Tuto, tuticoli. 

Ka.siimir 7 ’/// ; Punjab— 7 ’///, tutri ; Kumaon — 
Siah tut. 

Tradk Midherry. 

A monoecious, occasionally dioecious shrub or 
moderate-si/ed tree with a fairly cylindrical straight 
hole, up to 3.0 m. high and 1.8 m. in girth. Bark dark 
greyish hrown. rough, with vertical fissures : leaves 
very variable, ovate or broadly ovate, serrate *)r 
crenate-.serrate, often deeply lobed : flowers in- 
conspicuous, greenish : male sjiikes (catkins) lax- 
flowered. broadly cylindrical or ovoid, female spikes 
ovoid, pedunculate : fruit a syncarj) consisting of 
many (Irupes enclosed in fleshy perianth, ovoid or 
sul)-globose. up to 5.0 cm. long, white to pinkish 
white, purple or dark purple to hlack. 

A/, alha is indigenous to China. It is extensively 
cultivated throughout the plains of India and in the 
hilly areas of Himalayas u|) to an elevation of 
3,300 m. : it is also grown as a road side and avenue 
tree. The plant is frost-hardy hut liable to wind- 
damage. Ft grows rapidly in the earlv stages and 
reaches maturity at an early age; the growth rate 
falls off rapidly after c. 10 years. It coppices vigorous- 
ly and pollards well. 

Mulberry regenerates itself naturally from seeds 
which are dispersed hy birds and to a limited extent 
by jackals and also human beings. It can be propa- 
gated artificially by seeds or cuttings. When grown 
close in plantations, the tree develops a long clean 
bole (Pear.son & Brown, II, 915 : Kadambi, Indian 
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Far., i94(). 75 , 459 : Troup, III, 886 87 : Indian For., 
1952, 78 , 461). 

NunuTous types of' nuilberry arc under ( iiliivation 
in various silk-producing countries of the world : the 
types differ in their adaptability to various soils and 
cliniaies, resistance to diseases, food value of the leaf 
crop for the silkworm and suitability for use as slock 
or scion in grafting. In Japan, the world's major silk- 
producing country, c\ 700 types of mulberry are 
known to exist out of which 21 have been selected 
for extensive cultivation ; some of these types are 
suitable for cold climates, some for areas with severe 
winter and still others for areas with mild climate ; 
some are early, some late and some intermediate 
between early and late ones (Ghosh, 17 ; Bull. rent. 
Sill^ Bd, India, No. 1 v i • Krishnamurthv ct ai, 

ibid.. No. 15, 1951. 8). 

riie most im|)orlanr tv|)e of mulberry grown in 
India for rearing silk worms is M. alba var. nndli- 
caidis Loud, which is a native of China or Philip- 
pines. It is a fast-growing type adapted for cultivation 
as a tielfi crop and giving high yields of large, tender 
and thick leaves. AI. alba var. alropurf>urca {SJtah- 
tul), also a native of China, is cultivated widely as a 
tree crop for its large, cylindrical, dark purple, succu- 
lent fruits ; it is also fast-growing and yields large 
thick leaves, which are at the same time smooth, 
lender and succulent. The cultivation of var. airo- 
pnrpurra along the borders of hush plantations in 
Bengal has been recommended (Kadambi, loc. cit.). 

Mulberry is grown on an extensive scale in various 
parts of India. |)ariicularly in Mysore, West Bengal 
and Jammu and Kashmir, for its leaf, which (onsti- 
luies the food of the silkworm, and its cultivation is 
an integral part of the sericultural industry. Tt is 
grown either as a field crop and plants maintained in 
the form of hushes or as scattered trees, depending 
upon the race of silkworm reared. In Mysore and 
West Bengal, mulberry is grown as a field crop and 
leaxes are harvested .several times in the year to feed 
the multivoltine races of silkworm : in Jammu and 
Ka.shmir, mulberry is grown as a tree and the leaf 
cropped only in one sea.son for rearing the univoltine 
races of the worm. A system of growing dwarf graft- 
i*d trees or ‘high hushes’ has been recently tried in 
West Bengal. Mulberry is also grown to a small 
extent in Punjab, Himachal Pradesh, Uttar Pradesh, 
Madhya Pradesh, Bihar, Orissa, Assam, Manipur, 
Andhra lhadesh and Madras, where small (|uantitics 
of silk are produced. Table i gives the total acreage 
under mulberry hushes and the number of trees in 


different States. The largest acreage is in Mysore, 
which accounts for more than 75% of the total mul- 
berry raw silk production in the country [Ghosh, 13, 
17-24, 27, 32, 36-37, 41. 219 : Yegna Narayan Aiyer, 
556, 562-63 : Information from Central Silk Board, 
Bombay ; Information from Dy. Director, Industries 
(Sericulture), West Bengal j. 

Very little attention has been paid to the selection 
of mulberry types in Intlia, Some trials have been 
carried out xvilh various imported types, hut most of 
them have not proved adaptable to indigenous culti- 
vation practices. A selection, K.Af. (/), evolved in 
Berhampore (West Bengal), yields c. 50' o more leaves 
than local types and is popular in the Kollegal area 
of Mysore State for grafting purpose. Two strains, 
Srli'ctrd / and Selected V, evolved in Mysore have 
given promising results hotli in respect of yield and 
(piality of leaves (Ghosh. 17, 219 20: Information 
from CVntral Silk Board, Bombay). 

Ci-i;nvAii()N 

Soil Climate Mulberry grows well under 
varying conditions of soil anil climate. It thrives in 
sandy or heavy loam and black cotton soil. The 
average rainfall in mulberry areas is 60-100 in./ 
annum, spread uniformly throughout the year. It 
does not stand water-logging or shade (Kadambi, loc. 
cit. : Yegna Narayan Aiyer. 557 : Kao, M\S(tre a^rie. 
/., 1954, 30 , 36 : (iho.sh, 27). 

Preparation of land — The land is prepared hy 
digging or deep ploughing to a depth of 12-iS in, at 
the close of rains. The t lods are weathered and 
broken, and the soil brought to a fine tilth. The croj) 
responds to intensive application of organic and in- 
organic manures. Manure is a])plied at the time of 
pre])aring the land and after j)rnning the hushes : in 
some areas, manuring is done also in the middle of 
the season. Cattle manure is generally applied at the 
rate of 15-25 cart loads per acre and ploughed in. 
Application of a mixture of 275 Ib. of groundnut oil 
cake and 125 lb. of ammonium sulphate per acre has 
been recommended under irrigated cultivation ; a 
part of the mixture is applied at the beginning of the 
sea.son and the rest .sometime later. Good yields of 
leaf crop are maintained I)y attention to the applica- 
tion of fertilizers at the proper time coupled with 
cultivation of catch crops. Well grown mulberry trees 
do not recpiire any manuring ((Jhosh, 29 30, 42 : 
Yegna Narayan Aiyer, 557-58, 561 : Rao, Madras 
agrie. ]., 1933, 21 , 519 : Krisbnamurthy et al., Bull, 
cent. Silk Bd, India, No. 15, 1951, 13). 
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TABLE 1— ACREAGE 

UNDER MULBERRY BU.SHES AND NUMBER OF MULBERRY TREESf IN 

INDIA' 



1951 

A 

55(av.) 


1 956 

A 


1957 

A . _ 


1 958 

. ji. 

Slatr 

r 

Acreage 

> 

N*). of 
trees 

Aen-age 

No. of 
trees 

AtTcage 

No. of 
trees 

r 

At reage 

> 

No. of 

tree> 

Mysore 

114,944 


156,000 


160,000 


165,000 


West IWngal 

jammii ^ Kashmir 

11,825 

2,740,009 

12,691 

5,500,00(1 

J 1.000 

5,500,000 

1 1,925 

.1.500.000 

Madras 

2.^,S«.S 


1,41s 


1 ,858 


2.010 


As.sam 

1 ,591) 


1,800 


2.214 


2,254 


Bun jal) 

87 

08,000 

114 

120,000 

118 

160,000 

125 

170.000 

I'fiar Pradesh 

15 

65,000 

118 

65,000 

147 

65.000 

172 

65,000 

Himachal Pradesh 

8 

20,000 

.;o 

20,000 

52 

20,000 

.15 

20,000 

Others 

294 


671 


810 


1,014 


Total 

152,644 

2,925,000 

172,859 

5,50s,000 

179,159 

5,545.0()0 

185.515 

5.55 s. 000 


* Information from Ontral Silk Board, Bombay, 
t Kxr ludin^ iho.sc used for limber. 


Pldiilin^ 7}i(ilcri(il -Mulherrv is propagated by 
seeds, cuttings, grafts or buddings. Seeds are collect- 
ed from plants s[)eciaily grown for tlie purpose and 
sown in shaded nursery beds witliin a month of ilieir 
collection. 1'he seeds are extremely small in si/e 
(i2,(K)o-i,^,()(K) seeds weigh i o/.) and demand care in 
handling. They are treated with camphor water 
before sowing to ward olf disease:» wliicb mav later 
alfect seedlings. A thin layer of earth and ashes is 
spread over the seeds after sowing and the heels kept 
moist with frecpient watering. Serds sprout in 9-14 
(lavs acc'ording To season, and when seedlings are 
c. in. high, the bed is thinned and weeded. I'or bush 
mulberry, seedlings 4-6 in. high are used as trans- 
plants, whereas for tree mulberry .seedlings are 
allowed to grow to a beigbt of 4 ft. and trained betorc 
planting in tbe Held (Yegna Naravan Aiver, 556. 563 ; 
Kao, Mvsorr d^ric, i(;54, 30 , 36 : (diosb, 27 2i), y) : 
Kadarabi, loc. cit. ; Troup. 111 . 8S7 SS). 

Cuttings for planting are obtained from exhausted 
bushes at the time of annual priming ; branches are 
cut into |)ieces, (; -i2 in. long, with three buds in ea( h 
and planted immediatelv. In some areas in Wesi 
Bengal, cuttings are tied into bundles and kept buried 
in soil to a depth of a few inches ; they are regularly 
watered and after about a month, when the buds 
have put forth shoots c'. 2 in. long, they are taken out 
of the mud for planting (Yegna Narayan Aiyer, 55S : 
(ihosh, 28 : Singh, /'arm Bull., Inrlidn Couu. dgric. 
Res., No. 31^, i(;57, (j ; Kao, Madrds d^ric. /., 1933. 
21, 5 ' 9 )- 


(hafts are also used for raising bush, high bush 
and tree mulberry. Among the several methods of 
grafting, the most common is root grafting. Tlie 
stocks are furnished by seedlings of any type, while 
the scions are selected from high yielding, (|uick-grow- 
ing iy|)es with large leaves of good feed value. Cirafts 
give higher yields of nutritious leaves than plants 
raised from seedlings and cuttings, and cocoons raised 
on them are su|)erior (Ghosh, 17. 32 33, 39 ; Informa- 
tion from Central Silk Board, Bombay : Kao, Mysore 
dtrric. /., i(95.p 30 , 36). 

Pr()pdi]^dtio}i — In Mysore and West Bengal, mul- 
berry is cultivated mostly as ])usb under rainfed 
conditions : only about 15''.. of the acreage in Mvsore 
is under irrigation. Propagation is usual I v bv cm tings. 
In My.sore, cuttings are |)lanted in |)iis or furrows. 
Pit system of planting is considered more suitable, 
and is followed under both irrigated and dry culti- 
vations, whereas the furrow svstem is followed only 
under irrigation. In dryland cultivation, cuttings are 
planted in prepared pits (12 in. diam. v 9 in. depth) 
spaced 30 in. apart in rows, the .space between rows 
being 30 in. The planting lime is Jidy when S.W. 
mon.soon has .set in. In areas with inadcMpjate f.iciliiics 
for irrigation, cuttings are jtlanted in pits spaced 
iS in. apart in rows which are set 30 in. apart. Three 
cuttings are planted in each pit after moistening the 
soil hy hand watering : an acre will recpiire 30.000 
40.000 cuttings I Ghosh, 27-28 : Yegna Naravan 
Aiyer, 556, 562. 558-59 : TuriU (Uninul.ssioft, Rep. on 
the Coiitinudtice of Protection to the Sericulture 
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liiditsirw (iovi. of India. 195^^. 12 : Silk Nczvslcll., 

*95^- -I- 

'The furrow system of |)lantinj; is preferred for irri- 
gated cultivation. Cuttings are planted in April May 
in pairs at distance of 4 in., the space between 
Inrrows being 9 in. In this system the planting is very 
close and 7o,o(M)-So,ooo cuttings are retpiired for 
planting one acre (Yegna Narayan Aiyer, 558). 

In West Bengal, cuttings are planted in biinebes of 
9. 12 or 16, each bunch being spaced 3 ft. apart either 
way. In dry areas, cuttings are completely buried in 
prepared lield in a slanting position : in moist areas, 
the bunch of cuttings are planted in such a way that 
they |)roje(t out of the .soil. Planting is done after 
early showers or at any lime during the rains. In 
Burdwan district, 1-3 sprouted cuttings are planted 
liori/ontally in pits 18 in. apart, the si/e of the pit 
being iS in. diam. x b in. deep ; the rime of planting 
is November December. In Kollegal (Mysore State) 
also, s|)routed c ut lings are planted in a similar way. 
J'bcy are then lovered with earth and watered once 
a week till they take root (Ghosh. 28. 30: Rao. 
Mitflws (iirric. 1933, 21 , 519). 

Caiitings rake root cpiickly and with cultivation and 
regidar irrigation, the bushes attain a height of 
( . 2*2 ft. in 6 weeks after planting. When the plants 
attain 3 5 ft. in height, watering is stopped under dry 
land cidtivaiion, while under irrigation, watering is 
done twice a week. The crop is given regular weeding 
and intercult tiring (Yegna Narayan Aiyer, 559 : Bull, 
cent. Silk Bd, /ndia. No. 2. 19^0, 2). 

'I’he raising of mulberry |)Iants from seedlings is 
lonsidercd e\|)ensive, hut the plants yield better and 
the cptalily of leaf is superior to that from hushes 
raised irom cuttings: and attem|)ts are now' being 
made to replant areas w hich are now under cuttings- 
raised huslies with seedling iransj)lants. I'or this 
purpose, seedlings are grown in beds and transplant- 
ed in pits when 4-6 in. high. When grow'ii under irri- 
g.ition, two seedlings are |)lanted in each pit and pits 
are sp.iced 2-2' ^ ft. apart. Bush mulberry can he 
grown directly from .seeds also (Krishnainurthi. 
iSt)-S7 ; (ihosh, 29 : Bull. cent. Silk Bd, India, No. 2, 
1950. 2). 

Kxperience has shown that grafts develop a better 
root system than seedlings, layerings or cuttings, and 
in japan grafting has been universally adopted. Tn 
[ndia also efforts arc now' being made to improve the 
yield and ijuality of leaf through the introduction of 
grafts produced by using any local type as stock and 
imported [ap.'inese types as scion. The.se latter cannot 


he propagated vegelalively and for this reason, 
.saplings are imported ; among them the popular 
types are: Kacryo Nczunii (Jacslii, Ichinuscy Icliiliciy 
(>o.sliy()cranii, Konsen, Tsukasakuva, Rasa, Toniicsoy 
K()k.^u and Akura. In t95f>-57i 35,o(X) mulberry 
saplings were imported from |ai)an for distribution 
to various States, llie Central Silk Board sanctioned 
during the period 1953-54 to 1957-58 a sum of 
Rs. 6.1 8 lakhs for the establishment of 22 model 
graft nurseries in various Stales and distribute 
improved grafts to interested planters. 

Besides the imported ty|)es. a selection, K.M. (/) 
evolved in Iferhampore, is also being used for graft- 
ing in Kollegal (Mysore State). The grafts are 
planted 5 ft. apart in rows, the distance between 
rows being 5 ft. : the number of grafts reejuired pet- 
acre is 1.600. The gr.'d’ts are trained as middling hush 
.'ind are suitable for irrigated areas : more than 200 
acres in Mysore Stale* are reportc*d to have been 
replanted. Attempts are now' being made to raise 
suitable grafts for planting rainfed areas |(diosh, 17 : 
VV/W// Coninii.ssion, Rc[>. on the Continuance of 
Brolcclion to the Scnculturc Industry, Govt, of India, 
ic; 58, 12 13: Rao, Mysore aj^rie. (., 1954, 30 , 36; 
Information from tVniral Silk Board, Bombay: 
Inforination from l)y. Director, Industries (Sericul- 
ture), West Bengal |. 

Tree mulberry is grown from cuttings in the same 
way as hiisli inulherry. Saplings are trainc'd as 
standard with one erect straight stem and trans- 
planted in the lield when one year old. h is more 
advantageous to raise tree mulberry from seedlings 
raised in .seed beds. When sec'dlings are c. 4 ft. high, 
they are uprooted, and pruned low' leaving only two 
buds : rootlets and ti|)s of tap root are also 
|)j[-uned and the stump planted in a nur.sery 1 ft. 
a|)arl in rows spaced 2 ft. apart. One shoot is 
allowed to grow from the pruned stem and side 
shoots removed. When the sapling has attained a 
height of 6 ft., the stem is pruned to a height of 5 ft. 
allowing three branches at the top. It is then ready 
for transplanting in the field. 1'ree mulberry can he 
raised also from grafts : only one shoot is allowed 
to grow from each graft and the shoot treated in the 
same way as in the case of seedlings. When mulberry 
is grown for timber purposes close planting is recom- 
mc‘nded (Yegna Narayan Aiyer, 562 : Ghosh, 17, 39 : 
Indian Cor., 1CJ52, 78 , 361). 

Prunifijr and piekint^ of leaves — Mulberry croj), 
whether grown as a hush, a tree or a high hush, is 
subject to regular pruning, in addition to periodical 
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stripping of leaves. Under irrigation, mulberry 
bushes attain a height of 3l4”4 weeks, when 

the leaves are ready for picking. Under rainfed con- 
ditions, the iirst picking of leaves is done 12^ 17 
tveeks after planting. Leaves are picked at close inter- 
vals, either directly from hushes or from twigs or 
small hranchcs after separating them from hushes. 
In the former case, as practised in Mysore, hushes 
arc pruned to the ground level only once in a year. 
About 10 pickings are gathered in a year from 
irrigated crop, while 6 or 7 pickings are taken from 
rainfed crop (Ycgna Narayan Aiyer, 559-ho : 
Ghosh, 18). 

Tn West Bengal and in some districts of Mysore, 
hush mulberry is pruned close to the ground just 
before the silkworm rearing season : leaves are 
stripped from hranches and fed to worms. After 
each pruning, the field is cultivated and manured. 
Shoots sprout (piickly and yield ahundani leaves for 
periodical plucking. The hushes are ready for a 
second pruning and picking of leaves in about 6 
weeks. Jk'veral crops of leaves ate thus obtained in 
a year (Yegna Narayan Aiyer. 559 : Ghosh, 31). 

'I'he best lime for plucking leaves is the evening. 
Harvested leaves arc stored in small loo.se heaps in 
a cool room and guarded against heating, fermenta- 
tion and driage ; moist cloth or gunny hag may he 
hung in the room (Yegna Narayan Aiyer, 560-61). 

Bush mulberry is productive for several years, 
usually up to 15, after which it is pulled out and the 
field fre.shly planted. In Mysore, replanting is 
done usually one year after pulling out old plants, 
and crops like ragi or jowar are raised in the 
intervening period (Yegna Narayan Aiyer, 557 : 
(diosh. 31). 

Yield — The yield of mulherry leaves varies accord- 
ing to the soil, moisture supply, manuring and 
cultural operations. Tn Mysore, local types grown as 
hushes under rainfed conditions yield 4,000-7,000 Ih. 
of leaves per acre annually, while under irrigated 
conditions, the yield ranges from 10,000 to 14,000 Ih. 
per acre per annum. Tn We.st TTengal. the annual 
yield of leaves per acre is estimated at 10,000 lb. The 
two strains. Selected / and Selected yield as high 
as 19,000 22,000 11). per acre per year under irriga- 
tion. With the introduction of grafts of imported 
Japane.se types, the yield of leaves has increased by 
/»% in Mysore. No estimates of yields from tree 
mulherry arc available ((Thosh, 41 ; Yegna Narayan 
Aiyer, 561 ; Tnformation from Central Silk Board, 
Bombay). 


Diseases caused by Phyllactiuia car\leii 

(l\*rs.) Karst., affects mulberry leaves. A white 
powdery layer appears on the under surface and 
leaves get deformed or stunted and eventually turn 
brown and dry up. The disease is checked by diisi- 
ing the hushes with sulphur at the rate of 15 lb./ 
acre or spraying with |)otassium sulphide. 1^1 licking 
and destroying affected leaves are suggested as 
control measures | Butler, Mem. Def). /Igm*. India, 
Bot., 1909, 2(8), II ; Indian ]. a^ric. Sci., 1950, 20, 
107 ; Vasudeva. India?! Fm^, 1956 57, 6(7), 51 : 

Yegna Narayan Aiyer, 565 66 1. 

Tn Kashmir, tree mulherry suffers from a disea.se 
caused by Tliyrostnmia mori (Nomura) I loehnel 
syn. ('orynenni mnri Nomura, resulting in consider- 
able reduction in leaf ()ut|)ut. Nursery stock is also 
affected. The di.sease is localised and attacks 
branches near the base. 'Fhe fungus gains entrance 
through wounds caused by pruning or bre.iking olf 
of branches and through injuries caused hy frost 
and snow'. As control measures, diseased w'ood is cut 
olf and cut surfaces painted with a disinfectant : 
|)runings from diseased trees are burnt | Butler, 
Mem. Dep. /IgnV. India, Hot., 2(8), i : Yegna 

Narayan Aiyer. 566 ; Butler, 67 1. 

Mulberry leaf-spot, caused by Plileospora mori 
(Lev.) Sacc. .syn. Septofrloenm mori (l.ev.) Ifriosi 
C'av., manifests itself as angular spots on young 
leaves ; the spots which are reddish with a pale 
brown centre develop into pustules anil leaves drop 
prematurely. Plucking and burning of affected 
leaves reduce the spread of disease. Spraying with 
Bordeaux mixture is effective in controlling the 
di.sease in nurseries \indian J. a^ric. Sci., 1950, 20, 
107 : Butler, Alem. Dep. Ag/ac. India. Hot., 1909, 
2(8), It : Yegna Narayan Aiyer. 566|. 

Mulberry trunk rot is caused by Pol\porns 
hispidus (Bull.) Fr. The fungus affects the trunk 
and also larger branches w'hich dry up and die. 
Cutting off of alTected parts is recommended as a 
control measure | Butler, Mem. Dep. A^ric. India, 
Hot., 1909, 2(8), 14I, 

Shozvnia ilisease. cbaracteri/ed by the development 
of rusty brown patches on leaves, affects mulberry 
plants in certain parts of West Bengal. The causal 
agent has not been identified. Affected leaves are 
poisonous to silkworms and caiKse flacherie. Heavy 
rain fav-ours the onset of disease and disea.scd leaves 
show' an abnormal deficiency of potash and low 
protein and sugar contents (Ghosh, 45 ; Yegna 
Narayan Aiyer, 565). 
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Other fungal diseases reported to allaek mulberry 
are : rust (Accidium uiori Barclay), hron/.e canker 
[Cxtospina atra (Bon.) Sacc.|. stem rot (Diplodia 
hutlvri Svd.), white sap and heart rot \G(modcrvui 
(ippUmatum (IVrs.) Pat. and C. Iticidiim (Leyss.) 
Karst. |. white spongy sap rot \P()lyp()nis iulipifcrur 
(Schweinit/) ()verholts| and hint rot | VVe/n/c/r.v 
hadiii (Berk.) Cooke | (Indian ]. a^ric. Sci., 1^50. 20, 
107 : With India — Raw Materials, IV, 7S : Bakshi 
rl al., Indian For., 1956, 82, 449). 

Peats — In Miirshidahad, Malda and Birlduim 
districts (West Bengal), mulherry plants are some- 
times allecled hy a serious pest and the resulting 
disease is known locally as Tnkra. The disease is 
characteri/ed hy severe curling and crinkling of 
leaves of apical shoots and swelling and twisting of 
apical internodes. The causal agent is an insect, 
Plicnococcns liirsntns Or., which sucks the sap of 
stem, leaf and petiole. Spraying with nicotine sul- 
phate affords effective control (Raichoudhurv, Rci'^ 
Vvr a S()i(\ 1958, 10, 315 ; Ghosh, 44 ; Yegna Narayan 
Aiver, 565 : Misra, Ihill. af^ric. Res. hist. Pnsa, 
No. 109, 1921. 610). 

Longicorn beetle (Sthvnias ffrirsator l\), also 
called Stem Ciirdler beetle, occasionally cati.ses 
serious damage to mulberry. It bores tunnels or 
girdles the stem a few inches above the ground, 
killing the growth above the injury. I land-picking of 
in.sects and destroying them and cutting off affected 
portions are recommended as contrt)! measures 
(Cihosh, 46 : Sidiramaniam, hid-Com /., 1950, 5, 
180 : Yegna Narayan Aiyer, 565). 

Scale insects (Crroplasicr spp.) affect stem and 
branches of tree mulberry ; they suck the sap and 
idtimately kill the plant. Spraying or smearing 
with soap solution or with rosin compound 
solution affords control (Subramaniam, loc. cit. : 
Ghosh. 45). 

Borers sometimes damage stems and roots of 
mulherry. Stem borers are found mostly at the 
junctions of branches with the main stem. They 
tunnel inside the sapwood and affected branches dry 
up. The pest is controlled by scpiirting kerosene oil 
into the hole as a result of which the borer is driven 
to I be entrance <»f the hole where it dies (Yegna 
Narayan Aiyer. 565). 

Tenebrinoid beetle, Cionoccphalnm planatnjn 
Walker, causes damage to mulberry seedlings in 
West Bengal. Dusting with Gammexane (15 lb./ 
acre) affords protection (Banerjee 6c ('lhatterjee, Sci. 
& Cull., 1952-53. 18, 36). 


Other minor pests of mulberry are aphids, thrips 
(Psendodendrothrips oniatissiniiis Schmut/.), hair- 
less cafer|)illar (Diacrisia ohlufua) and weevils (Apion 
sp.) which affect leaves and white gridis (Lachno-, 
sterna spp.) which affect roots of seedlings and young 
plants. Termites cause damage to newly planted 
grafts and cuttings. Mole rats (Cantiowys eastanens 
BIvth.) eat mulberry roots killing entire bushes and 
sometimes even well-grown trees (Yegna Narayan 
Aiyer, 565 : Ghosh, 46- 41^). 

USKS AXn GoMUOSI I ION 

Mulberry is grown extensively for leaves used for 
rearing silkworms. Fruits are eaten atid the wood is 
valued for the manufac:rure of sports goods. 

Leaves — Young leaves which have attained full 
si/.e arc bi\st suited for feeding silkworm larvae, 'riie 
composition of leaves varies with variety. dc‘grc*e (»f 
maturity and the type of soil in whic h tlie plants are 
grown. 'The protein content of leave's decreases and 
the carbohydrate content increases with the maturity 
of leaves ; libre, fat and ash constituents also 
increase. Young leaves are more acidic than older 
OIK'S. Analysis of leaves collected from different 
localities in fndia gave the following ranges of values 
(dry basis): crude protein, 16.0-39.0; soluble sugars. 
7.6-26.0: ash. S.0 -17.0 ; calcium (G.aO). 0.7-2. 7 : atid 
iron (Fe^, ();,), 0.050.12'’,,. ^lable 2 gives the analytical 
values of samples collected from Kashmir and 
Bengal : the composition of leaves of the Japanese 
“Roso” type is given for comparison (Yegiia Narayan 
Aiver, 566-67 : Cheni. Ahslr.. ic;4i. 35, 32SS). 


TABLE 2— COMPOSITION OF 

MULBERRY LEAVES FROM 
SOURCES' 
dry wt. basis) 

DIFFERENT 


Kashmir 

Bengal 

‘Hoso’ 
froiii Japar. 

C:rii(k- protein 

:s.8t) 

2S.40 

18.00 

S;)iij()le 


12.20 

II. .10 

Phosphorus (PyO..) 

1.40 

1 ..V) 

0.65 

Potassium (K.O) 

.^.60 

.>.02 

2.00 

Calcium (CaO) 

2.40 

2 .-I0 

1.40 

Magnesium (.Mgt)) 

0.72 

0.72 

0.25 

Aluminium (A1.3)J 

l.SO 

1 .60 

0.80 

Iron (re.O,) 

0.06 

O.O.S 

0.26 

Silica (SiOj 

2.00 

l.HO 

2.60 

Sulphur (.SO,) 

0.56 

0.54 

0..10 

* Yegna Narayan Aiyer, 

566. 
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The relation between the composition of mulberry 
leaves fed to larvae and the resultant silk produc- 
tion lias been extensively investigated. It has been 
found that acctimulation of protein in larvae 
depends largely on the concentration of carbo- 
hydrates in the leaves. The maximum growth of 
larvae occurs when they are fed on leaves containing 
; 4% sugars at the first instar jieriod and 4-5% at 
the second instar period. When the leaf is low in 
soluble carbohydrates, addition of sucrose produces 
favourable results both as regards yield and (piality 
of silk (Thorpe. VIII. 243; ('hem. Ahstr., h;43, 37 , 
■782). 

The preferential food value of mulberry leaf for 
silkworm larvae is attributed to the presence in it of 
3 stimulant factors, vi/. an attractant, a biting factor 
and a swallowing factor. The substances which 
attract the larvae to the leaves have been identified 
as citral. linalyl acetate, linalol, terpinyl acetate and 
bexenol. the first 3 being more effective than the rest. 
/i-Sitosterol (c. 0.2",, in leaves), along with some 
sterols and a water-soluble substance, is the main 
fac tor which stimulates the biting action : the 
amount of food eaten by larvae is controlled by the 
concentration of /J-sitosterol. The third factor which 
stimulates continuous shallowing of leaves hv larvae 
is present in the methanol insoluble, but water- 
soluble, fraction. The absence of any one of these 
factors inhibits feeding by larvae. 'The leaves of 
soybean and tea contain the first factor ; they attract 
the larvae hut are not eaten. The larvae exhibit a 
weak chemotaxis to the leaves of lig and lettuce and 
consume them when hungry : these leaves, however, 
(If) not support normal growth (Watanabe, Nature 
IaukI., i(;58. 182 , 325 : Mamamura. ibid., 1939, 183 , 
1746 ; llamamura & Naito, ibid., 1961, 190 , S7(; : 
llamamura el al., ibid., h/h, 190 , SSo). 

A prolamin has been separated from alcoholic 
(alkaline) extracts of mulberry leaves : it forms the 
principal protein of the leaves. The nitrogiai distri- 
bution in a preparation containing 12.64“., N was as 
follows: I ICl insol. N, 0.50: humin N, (^45: amide 
N, 0.96 : diamino acid N (arginine N, o.S(; : histi- 
dine N, 0.49 ; lysine N, 0.33 ; c ystine N, 0.01). 1.74 : 
and monoamino acid N, 7.S9' V.. Protein |)reparations 
from young mulberry leaves form an excellent 
supplement to protein-deficient diets (('hem. Ahstr., 
1936, 30 , 7147 ; 1932, 46 , 10323). 

Non-protein nitrogen accounts for c. 22'., of the 
total nitrogen in young leaves and c. 14% in mature 
leaves. The amino acids identified in the free torm 


are: phenylalanine, leucine, valine, tyrosine, proline, 
alanine, glutamic acid, glycine, serine, arginine, 
aspartic acid, cystine, threonine, sarcosine, y-amino- 
butyric acid, pipecolic acid and 3-hydroxy |)ipecf)lic 
acici (Chem. Ahstr., 1932, 46 , 10323: 1933, 47 , 76S1 : 
i95«. 52 , 17407). 

riie leaves are a good source of ascorbic acid, 2{K)- 
300 mg./io'o g., of which over 90“,, is present in the 
reduced form. 'I'hey contain also carotene, vitamin 
h,, folic acid, folinic acid and vitamin 1). 'Phe 
presence of glutathione in leaves has been reported 
(Che}u. Ahslr., k;3I. 45 , 2344 : 1940, 34 , 4S63 : 1934, 
48 , 94S3 : 193S, 32 , (;2(K) : Wehmer, I, 237). 

Mulberry leaves are rich in calcium : the mineral 
constituents present in the leaves are given in 
fable 2 : copper, /inc, boron and manganese occur 
in trac'es. Phytate phosphorus accounts for iS.2‘0 of 
total phosphorus (Thorpe, VIII, 244 : ('hem. Ahstr., 
1934. 48 , 232 : (^)wda et al., hu/iau J. med. Res., 
i(;33, 43 , 603). 

Volatile constituents identified in steam-distillates 
of mulberry leaves are: u-btitanol. /Ty-hexenol, 
methyl-ethyl acetaldehyde, n-butylaldehyde, isobutyl- 
aldebyde, valeraldehyde. hexalclehvde, fi-/i-hexenal. 
acetone, methyl-ethyl ketone, methyl-hexyl ketone, 
butylamine and acetic, |)rc)pi()nic and isobutyric 
acids. Other constituents reported to be present in 
the leaves are: calcium malate, succinic and tartaric 
acids, xantliophyll and isoc|uercitrin ((|tiercetin 3- 
glucoside, Co,l la„0,a. m.p. 220 22.3") and tannins : 
adenine, choline and trigonelline bases are present in 
young leaves (Watanabe. Nature, Loud., ic;3S, 182 , 
323 : ('hem. Ahstr., 1(^34. 48 , 2269 ; Heilbron Run- 
burv. III, 124 : Wehmer, I. 237 : K.alyankar et al., 
Curr. Set., 1932, 21 , 220: ('hem. Ahstr., ii)\i, 25 , 
- 75 ^ ' *933- 29 , 1644). 

Mulberry leaves are sometimes eaten as vegetable, 
4 ’hev are also useful as cattle fodder : they are nutri- 
tious and palatable, and are staled to improve milk 
yield when fed to dairy anim.als. /Vii.ilysis of leaves 
(from U.P.) gave the following values (dry wt. 
basis): protein, 14.0: ether exir., 6.8 : N-free extr., 
49.7 : total ash, i • calcium (C^aO), 2.74 : and 
phosphorus (P.O.), 0.43“... luvding e\|)erimenis have 
shown that up to 6 kg. of leaves per day can 
be fed to milch cows without adversely affecting 
the health of animals or the yield and butler 
content of milk (Burkill, II, 149S : Datta, Sei. e> 
('idt., 1941 42, 7 , 242 : Lander, Mise, Hull., Indian 
C.oun. ajfric. Res., No. 16, 1942, 83: (dtem. Ahstr., 
1939. 33 , 2240). 
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FIG. 166 . MORUS AI BA— FRUITS 

Fruits "riic I’niits of A/, idha arc eaten fresh or 
inacie into juice, stews and tarts ; they may he 
scjiiashed and fermented to yield spirituous liquors. 
Analysis of fruits (from Coonoor) gave the 
following values: moisture, 87.5: protein, 1.5; 
fat, 0.4; carliohydrates, S.4; lihre, 1.4: and mineral 
matter, 0.9';,,: calcium, 80 mg.: phosphorus, 
40 mg.: and iron, 1.9 mg./i(K) g. : carotene (as 
vitamin A), 174 i.u. : thiamine. 9 iig. : nicotinic 
acid. 0.8 mg. : rihottavin, 184 /tg. : and ascorbic acid, 
\ \ mg./ 100 g. The fruits contain a llavonoid, possi- 
bly eriodictyol |Macmillan, 271 : Belavady & Bala- 
suhramanian. Indian j. aj^ric. Sci., 1959, 29(2 & 3), 
15 1 : Ganju Puri, Indian J. mcd. Res., 1959, 
47 , 563]. 

'I'he seeds (i*. 2 mm. long) contain 25-35% of a 
yellow drying oil with the following characteristics: 
sp. gr.* ’ , n.()2.^-o.cj26 : sap. val., 190- 192 ; iod. val., 
140-144 : and R.M. val., 0.10-0.35. Liquid fatty acids 


constitute the major part (80-90%) of the total fatty 
acids of the oil (Mensier, 380). 

Wood — ^'rhe wood of M. alba is much valued by 
the sports goods industry on account of its elasticity^ 
and flexibility when steamed : it is considered to be 
as good as ash {Fraxinns excelsior) for this purpose. 
The sapwood is white to yellowish white ; heartwood 
bright yellowish brown or golden brown, darkening 
after exposure. It is light to moderately heavy 
(sp. gr., c. 0.63 ; wt., 36-46 Ib./cu. ft.), straight- 
grained, medium coarse- and somewhat uneven- 
textured, moderately hard to hard and elastic : it is 
not liable to split but shows a tendency to warp : 
this can he reduced by c|uartering the logs and 
excluding the heart-centre from scantlings. The best 
results are obtained by storing logs or (|uaiTered logs 
for some months before final conversion, care being 
taken to jirotect the ends to slow down drying, 
'rhe timber is moderately durable under cover : 
graveyard tests indicate a duraliility of 2/2 
years (Pearson & Brown, 11 , 915, 917 18 : Limaye, 
Ifidian For. Rec., N.S., Timh. Meek.. 1954. I, 
55: Trotter, 1944, 141 : Purushotham cl al., hidian 
For., 1953. 79 , 49). 

The wood is easy to saw, work, turn, bend and 
finish ; it peels well on a rotary lathe. It seasons well 
with care and can be kiln-seasoned without dilTicidty 
or degrade. It does not re(|uire antiseptic treatment, 
'rhe data for the comparative suitability of mulberry 
timber, expressed as percentages of the .same proper- 
ties of teak, are: wt., 100: strength as a beam, 80 
stiffnc.ss as a beam, 75 : suitability as a post, 75 
shock-resisting ability, 155 : retention t)f shape, 65 
shear, 145 : and hardness, 1 15 (Pearson <S: Brown, 11 , 
917-18 ; Limaye, Indian For. Rcc., N.S., 'rinih. 
Meek., 1954, 1 , 55, Sheet No. 14 : Trotter, 1944, 
H*-'42). 

Mulberry wood is used chiefly for hockey sticks, 
tennis and badminton rackets, racket presses, cricket 
])ats and stumps, and other sports goods. I1ie wood 
is converted green, steam bent and dried in the bent 
form, tightly held in clamps : sapwood is preferred 
to heartwood. The wood is suitable for house build- 
ing, agricultural implements, furniture and turnery, 
especially picker arms, bobbins and tool handles. It 
is al.so u.seful for spokes, poles, shafts and bent parts 
of carriages and carts. It affords a medium grade 
fuel wood (4,37i-4»773 cal.) (Pearson & Brown, II, 
918; Trotter, 1944, 14 1 ; Indian For., 1952, 78 , 369: 
1948, 74 , 280). 

The wood contains tannin ; extracts prepared from 
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nr,. 167 . MORUS ALBA-TRANSVKRSE SECIION OF WOOD (xlO) 

wood ((annin coiitciit, u. 32%) arc considered suitable 
lor lannin^ and colouring purposes. Morin (penta- 
bydroxyllavone, C,-ll,„ 0 ;, in.p. 286-88°), niaclurin 
(pentahydroxybenzopbenone, m.p. 220 22° 

anbyd.) and 2,4/),4' : reirahydroxy ben/oplicnone, 
have been reported as present in the branchwood of 
M. (tlha by some workers. Tliis lias not been con- 
lirined liy subse(iuent work. Heartwood contains 
24o'*5': tetrabydroxystilliene (C,,n,a(),, m.p. 203° ; 
yield, 2‘o), along with small amounts of dihydro- 
inorin (m.p. 226-28°), dihydrokaempferol (m.p. 

227 28°) and dibydnupiercetin (( 7 /e;?/. Ahstr., 1941, 
35 , 3288 ; [.aidlaw &' Smith, Chem. & hid., 1959. 
1604 ; Heilbron ik Bunbury, III, 535, 2 <k)). 

Bark The stem bark of A/, alba is librous and has 
been employed in China and Kuro|)e for paper 
making. 7 ’hc bark tnay be stripped from waste 
branches, after separating the leaves for silkworm 
feeding, and worked into paper pulp. Digestion with 
14% caustic soda solution and bleaching with 5“,. 
active chlorine gives a product eipial in cpiality to the 
pulp obtained from rags. A fibre suitable for use in 
the textile industry has been extracted from the bark 
by retting. The fibre (av. length, 2.5 cm.) is white and 


soft with silk-like feel. I'he twigs are used as binding 
material and for making baskets (Burkill, 11 . 1498 : 
Chew. Ahsir., 1934, 28 , 5232 : 1933, 29 , 7072 : 1944, 
38 , 3135 : Krishnaswamy, 134). 

Mulberry leaves are considered diaphoretic and 
emollient. A decoction of leaves is used as a gargle 
in inflammations of the throat. The fruit is cooling 
and laxative ; it is used for sore throat, dyspepsia and 
melancholia. The root is reported to possess anthel- 
mintic and astringent properties. The bark is used as 
a purgative and vermifuge. Acpieous and alkali 
extracts of leaves and stems are active against Gram- 
positive bacteria and yeasts. The stem contains 
steroidal sapogenins ; d-amyrin is present in the bark 
((^uisumbing, 240; Burkill, 11 , 1498: Kirt. & Basu, 
III, 2307-08 : Nickell, Econ. Bot., 1939, 13 , 281 : 
Anzaldo cl al., Philip f). J. Sci., i(;37, 86, 233 : Chem. 
Abstr., i<;36, 30 , 6786). 

M. laevigata Wall, ex Brandis 

D.K.P., V, 284: Kl. Br. Ind., V, 492. 

Hindi -Tut. 

Ku.maon Tut, shah tut, si\alhtul ; Nkual - 
Kimbu : A.s.sa.m Bola ; Khasi — Dieu^-b\llict ; Garo 
— Rokseti^ ; Li\snAi — llmubelbing: Auor Ayum- 
asing. 

Trade -Bola. 

A tree found in the outer Himalayas from Kutnaon 
eastwards to Assam up to an altitude of 1.300 m. and 
in Andaman Islands ; it attains a height of 30 m. or 
more and a girth of 4.3 m. in eastern Himalayas, hut 
the size is much smaller in western Himalayas. Bark 
brownish grey when young, dark brown, rough, 
splitting in scpiare flakes in mature trees ; leaves 
ovate or ovate-cordate, linely serrate or serrulate : 
flowers small, in spikes 10-12.3 cm. long; fruit long, 
cylindrical, yellowish white, sweet or insipid. 

A/, laevigata occurs iti evergreen and mixed deci- 
duous forests in moist localities. It grows on a wide 
range of geological formations and thrives best on 
well-drained, light alluvial soil and also on silt. It is 
a light-demander and fairly frost-resistant : it cop- 
pices and pollards satisfactorily. Natural regeneration 
is not common. Artificial reproduction is possible by 
direct .sowing or transplanting seedlings from the 
nursery : stump planting gives good results. The rate 
of growth varies according to locality ; it is rapid in 
the first few years, but falls off gratltially (Kadambi, 
hidian For., 1952, 78 , 176 : Pearson ik Bnnvn, II, 920). 

The sapwood of A/, laevigata is white to yellowish 
white ; heartwood bright yellowish or golden brown, 
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darkening appreciably and becoming duller with age. 
It is light to moderately heavy (sp. gr.. 0.59 : wt., 
3S Ih./iii.ft.). straight-grained, medium coarse- and 
even-textured, moderately hard to hard, strong and 
elastic. It is probably stronger than A/. allxL It 
seasons well and is durable under cover. It saws well, 
works to a smooth surface and takes a fair polish. It 
has fairly good steam-bending properties (Pearson & 
Brown, II, 922 : Indian For., 1957, 83 , 738). 

The wood is largely u.sed in Darjeeling, Assam and 
Burma for house building and for making oars, 
stocks, spokes, poles, shafts of carriages and carts, 
yokes, furniture and planking. It is suitahle for low 
grade plywood and for panelling, carving and tur- 
nery, tea boxes and toys : it is also used for making 
tennis rackets. Large ([uantiiies of the timher are 
available from (ioalpara, Kamru|) and North-eastern 
parts of Assam : fair supplies are available from 
Bengal (Pearson tV Brown. II, 923, 920: Kadambi, 
Indian For., 1952. 78 , 176; Howard, 37b: (iainhle, 
636: IS: 399-1952). 

The fruit of the plant is eaten, though insipid : it 
is excellent when stewed with sugar. The milky juice 
exuded hy the plant is used as a |»laster for sores (Bor, 
137 : FI. Assam, IV, 275). 

M. nigra Linn. Black Mi lhekry 

Bailey, 1949, 337 : Kirt. & Basu, PI. 891 B. 

A medium or small-sized tree, 6-9 m. high, native 
of West Asia and cultivated in many countries for its 
edihle fruits. Leaves broadly ovate-cordate, tisually 
undivided, sometimes 2 5 lobed ; (lowers dioecious 
or monoecious : fruit (syncarp) ovoid to oblong, 
2.0-2.5 cm. long, purple to black, juicy, edible. 

A/, uifrra is cultivated in Kashmir : it is also grown 
in Darjeeling. It is less hardy to cold and prefers a 
warm, well-drained loam soil. Propagation is by 
cuttings or budding : shield, ring and (lute budding 
are commonly adopted. The trees are pruned to a 
height of 3 3' 2 ft. from the ground level in Decem- 
ber or January when leaves have been .shed. This 
encourages vigorous growth and production of large- 
sized (ruits. The tree flowers in IT'bruary March and 
fruits mature by May June. A fully developed tree 
yields 20 30 lb. of fruits per year (Chittenden, III. 
1322 : Duthie, III, 138 : Information from Central 
vSilk Board, Boml)ay : Hayes, 365 ; Singh, Farm Hull., 
Indian Conn, ajfric. Res., No. 3(;, 19^7, 9). 

Ripe fruits of A/, m^ra are sweet and well-llavour- 
ed : they are eaten fresh or made into jam, jelly and 
sherbet. In Kurope, a vvine is prepared from llie fruits. 


Analysis of ripe fruits (from Coonoor) gave tbe fol- 
lowing values: moisture, 85.5 : protein, 0.7 : fat, 0.4 ; 
carbohydrates, 12.2 : fibre. 0.8 ; and mineral matter, 

O. 4V..: calcium, 60 mg.; phosphorus, 20 mg.: and 
iron. 2.6 mg./ ICO g. : carotene (as vitamin A). 16 i.u. ; 
thiamine, 58 /eg. ; nicotinic acid, 0.2 mg. ; riboflavin, 
92 fig.', and ascorbic acid, to mg./icx) g. Reducing 
sugars constitute the bulk of carbohydrates. The fruit 
contains malic acid, citric acid, pectin, mucilage and 
a colouring matter | Hayes, 366; Miller ct al., 106; 
Singh, Fnnjah Fmr, 1932, 4 , 273 : Belavady & Bala- 
suhramaniaii, Indian J. agric. Sci., 1939, 29(2 & 3). 
131 : Khan cV Chughtai, Pakist. J. sci. Res., 193b, 8, 
73 : Wehmer, I. 237 1. 

The leaves of A/, nigra are inferior to those of 
A/, alha for feeding silkworms. 'The fruit is considered 
refrigerant and laxative. 'The juice forms a grateful 
drink during convalescence after febrile diseases : it 
checks thirst and cools the blood. '1 he bark is piirga- 
live .ind vermifuge. Root bark contains calcium 
malate : ilie bark of branches contains tannins, phlo- 
baphenes, a sugar, a |)hytosterol (m.p. 132^). ceryl 
alcohol, fatty acids and phosphoric acid. An infusion 
of leaves causes a drop in blood sugar, sometimes 
diuresis, and a ivdiiclion of arterial pressure : it has 
no effect on glucosuria (C-hittenden, III, 1322 : Kin. 

Basu, III, 2309: Wehmer, I. 237: Client. Ahstr., 
1931, 25, 3032 ; i<;33, 29, 1307). 

M. serrata Koxb. Himai.avan Mi lrekry 

D.K.P., V, 284 : 111, 430 : FI. Br. Ind., V, 492. 

I liNDi Kimn, liimn. 

Pr.\|AR Karnni, kimu. karllul ; Deuha Drx 
liimu. Inti : Kiiasi Dieng-soh tnngkhar. 

A large tree, 18 21 in. high, with a clean cylindrical 
bole 3.3 m. long, found from rrans-Indus to Knmaon, 
principally in the inner ranges of Himalayas at alti- 
tudes of 1,200-2,700 m. B.ark reddish or greyish 
brown, smooth when young, rough with vertical 
(issures in old trees: leaves broadly ovate-cordate, 
acuminate, often lobed : (lowers dioecious in spikes: 
male spikes, 2.3-3.0 cm. long, lemale much sliorler : 
fruit long, pur|)le, sweet, edihle. 

A/, serrata is the common miilherry of the Hima- 
layas. It is frecpiently cultivated in hill stations and 
sometimc's planted as a shade tree. Propagation is 
done from seeds and cuttings. The tree cojtpices well 
and produces root suckers (Trouj), III, 890-91 : 

P. irker, 474). 

'fhe tree yields a hard lough limber. The sap- 
wood is while to pale yellowish white : heart wood 
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FIG. 168. MORUS SliRRATA— THLTi 


yellow to yellowish brown, ageing to ;i rirh 
ehocolale brown. It is lioavy (s|). j;r., 0.67 ; wt., 
33-52 Ib./'cii.fl.), moderately stroni;, siraij;bl-^i;rainul 
and coarse- and iineven-teMiired. Il seasons and saws 
well and is easy to work, iiirn, bend and linisb. It 
is moderately durable under cover ; graveyard tests 
indicate a lile of 2 -3 years. I'be data for its compara- 
tive suitability as timber, expressed as percentages of 
the same properties of teak, are: wt.. 95 : strengtli as 
a beam, 70 : stiffness as a beam, 75 : suitability as a 
post, 60: sbock-resisling ability. 130: retention of 
sliape, 80; shear, 115 ; and hardness, 90 (IVarson & 
Brown, II, 91S, 920 : Limaye, Indian For. Rrc., N.S., 
Tinib. Mci'h.y 1954, ^^ 55 ' ^‘^beet No. 14 : Purusbotbam 
c/ al.y Indian For., 1953, 79 , 49). 

The wood is used for furniture and carving, toys, 
sporting re([iiisites, troughs, agricultural implements 


and cheap types of guns and rilles. It makes orna- 
mental panelling (Pearson Brown, II. 920 : (i.imble. 
636: Industry Calcutta, 1950, 41 , 299: I.imave. 
Indian For. Rcc., N.S., 'Finih. Mtrh., 1954. 1 , 55). 

Ibe tree is lojiped for fodder. I.ea\es are used for 
feeding silkworms in Kbasi and Jaintia bills ( rroup. 

III, 890 : PI. Assam, IV, 274). 

A/, anstrahs Poir. syn. A/, acidosa (biff, is a shrub 
or small tree found in Assam and Kbasi bills. 
It is often cultivated for the lea\es used for 
rearing silkworms. Ri])e fruits are eaten (M. Assam. 

IV. z-:-,)- 

MOSCHOSMA Keicbb. {Lahiatac) 

A small genus of annual or perennial herbs distri- 
buted througbout the tro|)ics of the Old World. One 
species occurs in India. 

M. polystachyum Bentb. 

Kl. Br. Ind., IV, 612 : Mukeriee, R(\ . hot. Snrv. 
India, 1940, 14 (i), 33. 

A herbaceous erect, mueb-branebed .annual, 
60-100 ctn. high, foutid iti wet places in Bibar, West 
Bengal, Carnatic from Nellore soutltwards to S. Tra- 
vancore, Konkan atid (bijarat. Leaves ovate, irregu- 
larly crenate-serrale : flowers small, pale pink or lilac, 
iti racemes. 

'riie crushed leaves are used as an external appli- 
cation to sprains. A decoction of leaves is giveti as a 
sedative for epilepsy, palpitati(»n of heart, neuralgia 
and convulsions : it causes sores in the mouth. In 
West tropical Africa, the juice of the plant is used in 
curing headache in ( bildren (Burkill, II, 1498 : 
Dal/iel, 462). 

Mosquitoes — see Insects and Insect Pests 
Moss, Club — sec Lycopodium 
Mother-of-Pearl — .see Molluscs 
Motherwort — sec- Leonurus 
Mouton — see Fur and Fur-bearing Animals 

MUCUNA* Adans. [Leiriitninosae) 

A genus of annual or perennial twining herbs or 
shrubs, distributed in the tropics and sub-tropics. 
About 15 species occur in India. Some of them are 
grown for forage, green manuring, soil cover or 
ornament : young pods of some are used as vegetable. 

* '['he j*ciius lias been conserved against Stizohhiuni I*. Ur. 
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FIG. 169. MUCUNA COCHINCHINENSIS-FRIJITS AND SEFDS 

M. cochinchinensis Chcval. syn. A/, uivca (Roxb.) 
nC. : Slizolohittvi uivcum Kiini/c* Lyon Bkan 

D.K.P., V, 285 : VI Rr. [nd., II, 188. 

Rkno. Kluinutch, 

Mundaki — /Cz/r.s'z. 

All annual twining herb with white or piUc purple 
novvers and glabrescent pods cultivated in Bengal and 
Bibar for its edible pods and seeds. Pods 10-15 cm. 
long, downy when young, wrinkled and destittite of 
down when ripe ; seeds 6-8, oval, smooth, ash- 
coloured. This species hybridizes with A/, dveringiana 
and A/, pruriem. 

A/, coc/iiiichinctisis is considered u.seful for fodder, 
co\er crop or green manure. Ft grows vigorously and 
makes a dense cover in 60-70 days after sowing ; 
sown in jtdy, it yields 180-200 md. of green fodder 
per acre. It grows well also in mixture with mai/e 
or jowar and yields on an average 40-50% more than 
a comparable stand of maize-cowpea mixture |BiirkiIl, 
II, 1502 : Thombre, Curr. Sci., 1958, 27 , 498 : Dabad- 
ghao (S: Gandhi, Itiduni Fmg, N..V., 1994-^^, 

4 ( 6 ), i6|. 

'fhe Heshy and tender fruits of the plant arc valued 
as vegetable : they are cooked and eaten after 


removing the velvety skin. The seeds contain (dry 
matter basis): carbohydrates, 55.8: alhuminoids, 
27.5; and fat, 3.6% (Burkill. 11 . 1502). 

M. deeringiana (Bort) Merrill syn. Stizolobium 
drenu^ianum l^ori Florida or (jEorcua Vei.vet 
Bean 

liailey, 1949, 576. 

IHtnjab Makhvudi sc 7 n. 

A hcrbaceotis, pubescent, trailing or twining 
annual, up to 18 m. or more in length, introduced 
into India as fodder plant. I^eaves tri-foliolate : leaf- 
lets ovate or rhomboid, 5 -15 cm. long : Ilovvers purple, 
in pendent racemes : pods turgid, 5-7.5 cm,, long, 
ridged, densely covered w'ith black pubescence : seeds 
3-5 in a pod, nearly globular, usually speckled, 
streaked and marbled brown or black : pure grey or 
black seeds not uncommon. 

A/, dcvrin^imia is considered to be a native of Asia. 
It was introduced into America by way of Mauritius 
whence it has spread to many tropical cotintries and 
grown as fodder, green manure and cover crop ; seeds 
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I IG. 171. MUCUNA DFERINGIANA— SEEDS 

Troin iinripc pods niv used as vcgeiahle |BiirkilL U, 
1502 : Hill, 34^ : Use of Lcguininous Plants, 227 : 
Dabadghao C«aiidhl, Indian Fni^, NS., 1954-5^, 
4 ( 6 ), 16 ; Roberts Kartar Singh. 473]. 

The plant ean he grown in any soil hut prefers 
medium to light loam. It thrives best under warm 
moist conditions in areas where rainfall is plentiful 
or irrigation is possible. In India, it is grown as a 
kharij croj) either alone or mixed with maize or 
jowar. Seeds are sown in lines, 3 4 ft. ajtart, for rais- 
ing a seed crop : tiiey are sown broadcast, at the rate 
of 30-40 11). of seeds per acre for fodder or cover crop. 
Seeds germinate in ahout a week. 'I’he crop does not 
reeplire much attention and it responds well to pho.s- 
phatic fertilizers drilled in at the time of sowing : 
inoenlaiion of soil with bacterial cultures is reported 
to he hel|)ful. By its vigorous growth, it smothers 
weeds and provides an ideal cover for preventing soil 
erosion : it can l)e ploughed in as green manure. 
Analysis of green material gave the following values: 
nitrogen, 0.56 ; potassium, 0.37 ; and phosphorus, 
0.06% I Singh, Indian Fviy;, N.S., 1954 55. 4(9), 13 ; 
Use of Leguminous Plants. 227 : Whyte ct al., 324 : 
Roberts & Kartar Singh, 473 ; Lander. 1 5S : l^ahad- 
ghao & Gandhi, loc. cit. : Morrison, 1035]. 

The seed crop is ready for harvest in c. 6 months 
from sowing. A yield of 8-12 md./acre of 
seeds and 30-40 md./acre of hay is reported 
(Singh, loc. cit.). 

When grown for forage, the crop is ready for 
harvesting in 90-100 days after sowing. A yield of 
loa- 200 md./acre of green fodder is reported. Kxperi- 
mental cultivation at the Indian Agricultural Re- 


.search Institute, New Delhi, has shown that maize- 
mucuna mixture yields 45--50V,. more fodder that) the 
more usual maize-cowpea mixture ; it can also he 
grown in mixture with Euchlacna nuxicana (Lander, 
15S ; Singh, loc. cit. : Dahadghao (landhi. loc. cit. : 
Roberts & Kartar Singh, 473). 

The plant may he grown pure and used in pasture 
or fed as hay. It provides good fodder for cattle and 
sheep, hut not for pigs : it is regarded as excellent 
feed for farm animals, particularly yoiitig growing 
stock. Analysis of green forage from Punjab gave 
the following values (dry basis): protein, 1514: 
ether extr., 2.13: N-free extr., 48.53: fibre. 19.27: 
and ash, i4.93''o: digestible protein, 10.66; digestible 
carbohydrates, 49.64 ; digestible etiier extr., 1.37 ; 
and total digestible nutrients, 63.38' ,. ; nutritive 
ratio, 4.9 ; it is rich in calcium, phospliorus, iron 
and iodine (Pi|)er, 603: Nicholls Holland, 477; 
Morrison, 330 ; Sen, Full. Indian Conn, af^ric. Res., 
No. 25, 1952, 16, 26; Lander. 159). 

Dry pods and seeds are a good source of protein 
and used in rations for dairy (ows and for fattening 
cattle and sheep ; for feeding dairy cows, ilie seeds 
are ground into meal or soaked in water. The pods 
contain about one-half as much protein as cotton- 
seed meal, but supply an almost etpial amount of 
total digestible nutrients. y\nalysis of whole pods 
and seetls gave the following values: ivliolr pod.s 
moisture, 10.0: protein, 18. i ; fat, 4.4: N-free extr., 
50.3: fibre, 13.0: mineral matter, 4.2",,: digestible 
protein, 13.4 : total digestible nutrients, 73.8‘'t, : 
and nutritive ratio, 4.5 : seeds moisture, lo.o ; 
piotein, 23.4 : fat, 5.7 : N-free exit*., 51.5 : fibre, 6.4 ; 
and mineral matter, 3.0“..: digestible prt)tein, 
19.0: total digestible nutrients. 81.7".,: and nutri- 
tive ratio, 3.3. When fed to pigs in excessive (pianti- 
ties, the seeds cause severe vomiting and diarrhoea ; 
the toxic principle is reported to he dihvdroxy- 
phcnylalanine (Singh, loc. cit. : Morrison, 496-97, 
1066 ; Wehmer, I, 584). 

M. monosperma DC^ 

D.K.P., V, 285: Kl. Br. Ind., II. 185: Talhot, I, 
Fig. 224. 

Mak. Mothi-ktdiili, sona^aravi : Adada- 

veliya, kagadolia ; Tkl. Fnugadulagondi, fyedda- 
didagondi ; Tam. — Periyaltalargai, thelu-kodi : Kan. 
— A nipchalli ; Mal. -Malantlielli ; Okiya — Sarnia 
hai douka. 

N F.PA I . — Bald It engra ; K 1 1 a.s i — A lei-siar \nli m . 

A large woody, perennial twiner found from 
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No|);il casi\v;ir(is to Kliasi hills, l)cccan Peninsula 
and Anilainan Islands, [.eaves irifoliolaie: leaflets 
ovate-ohlong or elliptic ; flowers in axillary corym- 
bose racemes, purple ; pods orbicular, plaited, 
winged, densely i:()vered with reddish or dark brown, 
deciduous, irritant bristles ; seed solitary in a pod, 
nearly circular, slightly compressed, dark brown. 

I'he seeds are restorative and are sometimes con- 
sumed as a vegetable. They possess expectorant pro- 
perties and are used in coughs, asthma and aflections 
oi’ the tongue : applied externally, they arc said to 
he sedative. The iricbomes of pods are irritant to the 
skin and may cause dermatitis (Kirt. & Basil, I, 777 ; 
Chojua, 1958, 55C9). 

*M. prurita Hook. syn. A/, pruriois Baker (FI. Br. 
I ml.), non DC. Common Cowitc .ii. Ck)vviiA(;E 

IXF.P., V, -S6 ; FI. Br. Ind., 11 , 1S7 : Kin. & Basu, 
PI. 317 B. 

Hindi — Kizvach, kauncli, f^^oncha ; Benc;.- Alkttslii, 
hichchoti ; Mar. Kavaclw, kuhili, kamhkuri : Gtij. 

Kivancli, kavatch : Tkl. — Duhifroficli, pilluidufru ; 

-Poouailndukkan, poonaikcdci ; Kan. — Nush- 
kutnii, liasfifrjifii^idu ; Mai .. — Naiconiu ; Oriya — 
Kaincliu. 

Punjab — Kaziunich, frufrli ; Neral— /Cc/ot7//r, 
knack', Lek:iia Kajnkop-rik ; Mundaki— /// fcrt ; 
Santal- £7/iv/. 

A herbaceous twining annual found almost all 
over India and in Andaman and Nicobar Islands. 
Leaves trifoliolate : leaflets broadly ovale, elliptic or 
rhomboid ovate, une(|ual at base ; flowers in axillary, 
pendulous racemes, purple ; pods curved, 5--10 cm. x 
1. 5-1.8 cm., longitudinally ribbed, turgid, densely 
clothed with persistent pale brown or grey, irritant 
bristles ; seeds black, 4-6 in a pod, ovoid (c. 12 mm. 
long), with funicular hilum. 

The plant is found in bushes and hedges, damp 
places, ravines and scrub jungles throughout the 
plains of India, ft is reported to be a pest of sal 
plantations in Bengal. 'Fhe plant is occasionally culti- 
vated. It is hardy, grows vigorously and forms a 
thick soil covering, smothering the growth of weeds. 
It is useful as a green manure and cover crop ; 
it is also grown for its pods and young leaves, which 
are used as vegetable and as fodder. For use as 
fodder, the crop must be cut when in flower (Use of 
Leguminous Plants, 228-21; ; Bor, 95 ; Datta & 
Gossip, Agric. Livc-Stk India, 1931, 1 , 266). 

* This spec ies is cotisidcTcd by some autliors to be synonymous 
with M. l>rurims (Linn.) DC., which is widespread in the tropics. 


Analysis of seeds gave the following values: mois- 
ture, 9.1; protein, 25.03; ether extr., 2.96; fibre, 
6.75; and mineral matter, 3.95%: calcium, 0.16; 
phosphorus, 0.47 ; and iron, 0.02% : sulphur and 
manganese are present. The seeds contain /-3:4- 
dihydroxyphenylalanine or dopa (c. 1.5%) : gluta- 
thione, lecithin, gallic acid and a glucoside are 
present. They contain also a number of alkaloids 
(total alkaloids, 0.53%) including nicotine, prurieni- 
ninc (C^jHij-OaNa, m.p. 213 14° decomp.), pruricni- 
dine (C,.H,;,();,N.,, m.p. 287 88® decomp.), and five 
other bases designalecl base P (C,7H2r.O,.N, b.p. 118 
19®), base Q (b.p. 220-21°), base R (CaJIa.-.OiN, b.p. 
320°), base S (b.p. above 320®) and base X 
(G,,lL., 0 ;,N, m.p. f;4-c;5°). When tested on frogs, 
prurieninine slows down the heart, dilates the blood 
vessels, depresses blood pressure and increases the 
peristaltic action of intestines. Prurienidine has also 
similar effect on blood vessels but has no action on 
heart (Sarkar. Ann. Biochnn., 1945, 5 , 39: Damo- 
daran & Ramaswamy, Biochcni. 1937, 31 , 2149; 
Pillai, Rep. Dcp. Res., Ihiiv. Travancorc, 1939-46, 
162 : Rakhit ^ Majiimdar, Indian ]. Pliarni., 1956. 
18 , 285 ; Majiimdar & Zalani, ibid., 1953, 15 , 62 ; 
Majumdar & Paul, Indian Pliarm., 1954. 10 , 79). 

'Hu* |)ods of M. pntrita are re|)orted to be used as 
famine food after rejieated boiling and throwing 
away the water. The biological value of the seed 
proteins (hy the balance sheet method) is 61% at 
5';,, level of protein intake and 55“i'. at 10',.. protein 
intake ; at i ^Vn level, there was considerable disturb- 
ance in the system of experimental rats and as a 
result there was little growth (Sarkar, loc. cit.). 

'I’he seed kernels yield 5.9% of a <leep brown, 
viscous fatty oil with the following characteristics: 
s^p. gr., 0.907 ; //, 1.472 ; acid val., 22.37 ; saj). val., 
150.1 ; iod. val., 95.4 : acet. val., i lo.o : R.M. val., 0.6 ; 
Polenske val., 0.4; and unsapon. matter, 10.5%. The 
fatty acid composition of the oil is as follows: 
saturated (stearic and palmitic), 22.4 : and unsatu- 
rated (oleic and linoleic), 76.7*;/. : the unsapon if iahle 
matter contains /^-sitosterol. Defatted kernels contain 
10% lecithin |Nair & Pillai, Bull. Res. Inst., IJniv. 
Travancore, 1954, 3A(i), 83 : Pillai (k Anantaraman, 
ibid., 1955, 4A(i), 41 1. 

Common Cowitch has long been valued in medi- 
cine. The roots arc tonic, stimulant, diuretic, purga- 
tive and emmenagogue. They are used for diseases 
of the nervous system, kidney troubles and dropsy. 
An ointment prepared from the roots is applied for 
elephantiasis. The seeds arc astringent and tonic ; 
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they possess slight insecticidal activity. The leaves of 
the plant are applied to ulcers (Kirt. & Basil, T, 779 ; 
Dastiir, Medicinal Plants, 164 ; Heal ei al., Lloydia, 
1950, 13 , 126). 

The bristly hairs covering fresh and dry pods 
cause intense itching on contact with skin and 
sometimes cause blisters and dermatitis ; a wash 
with warm water containing alkali or ammonia 
reduces the burning sensation. The hairs were 
formerly used as vermifuge and were official in 
some pharmacopoeias. They arc available in bazaars 
as yellowish brown loosely felted masses, occasionally 
containing portions of the black pericarp, and 
administered as a bolus (with fat) or electuary (with 
treacle, syrup or honey), followed by a purgative. 
Kxtracts and infusions of the drug are ineffective. 
An infusion of hair is used in diseases of the liver 
and gall bladder and applied externally as a local 
stimulant and mild vesicant |Santapau. Rec. hot. 
Surv. India, 1953, 1 ^( 0 ’ 74 ’ Chopra, 1958, 605 ; 
Onisumhing, 416 : Kirt. & Basu, T, 779 : U.S.D., 1955, 
1758 : I.P.C., 150 ; Bentley & Trimen, II, 78 ; Wallis, 
27 ; Modi, 577 : Steinmetz, I, 174]. 

The itching caused by the trichomes of the pod 
is attributed to the presence of a histamine-liberating 
principle. Tt is a proteinase, mucunain, which causes 
local itching, the effect persisting for 3-5 min. Hairs 
contain 0.0 15*^0 of serotonin (5-hydroxy tryptamine), 
which is more active than histamine as a cutaneous 
pain producer, hut has no pruritogenic properties 
(Clicm. Ahslr., 1954. 48 , 883 ; Shelley & Arthur, 
Science, 1955, 4 ^^ • Bowden et al.. Nature, Lond., 

'954. 174 , 925). 

M. atropurpurea DC. : Baker (FI. Br. Ind.) in part 
(Tki.. — Gededula gondi, pedda dulagondi, iillakada : 
Tam. — Talargodi ; Df.hra \')v^- Bliainszvalihe[) is a 
woody twiner with purple flowers and bristly, 
2-seeded pods found in the outer Himalayas from 
Jaimsar to Kumaon and in the Deccan Peninsula up 
to an altitude of 900 m. The bristles on pods arc 
irritant and cause dermatitis (Chopra, 1958, 559). 

Af. bracteata DC. (Garo — Wakmi) is an annual or 
perennial twdner found in tropical eastern Himalayas 
and Assam. The seeds and trichomes from pods are 
reported to possess medicinal properties similar to 
those of M. prurita (FI. Assam, II, 68). 

M. capitala Wight & Arn. is a twiner found in the 
foot-hills of the Himalayas and Central India. The 
seeds are considered tonic. They contain protein 
(^7%), fatty oil (2?o), an alkaloid and dihydroxy- 


plienylalaninc (>3%). The toxic principle may be 
eliminated from the seeds by maceration with dil. 
hydrochloric acid followed by washing with water ; 
the treated material may he tised as feed for animals. 
The fatty oil (sp. gr., 0.865 • ^’*7 • ' * 

178.2; iod. val., 104.0; and R.M. val., 0.77) 
contains palmitic, stearic and oleic ;icids |Roi, 376; 
Wehmer, I, 584 ; Chem. Abstr., 1958, 52 , 4062 : Nair 
& Pillai, Bull. Res. Inst., Ihiiv. Travanenre, 19^4, 
3A(.). 831. 

A/, gigantea DC. (Ki.f.piiant Cowircai ; Ti:r.. — 
Enugadulagondi ; 'Fam. — Kalgaivalli ; Kax: — Turi- 
hilangi ; MAi..--Kakavall{) is an extensive, littoral 
twiner with yellow, pale green or whitish flowers and 
broadly winged pods found in the tidal forests of 
India and in the Andaman Islands. The bark is used 
in external applications for rheumatic complaints. 
Powdered seeds arc said to be used as a purgative in 
Hawaii. The hairs on pods prodtice intense irritation 
and dermatitis. This species is suspected to be poison- 
ous to pigs in Australia (Kirt. & Basu, I, 778 ; 
Burkill, II, 1503; Neal, 404 ; C’lhopra, 1958, 559 ; 
Webb, Bull. Coun. sei. indust r. Res. Aust., No. 232, 
1948, 91). 

Af. hirsuta Wight & Arn. is an annual twiner 
hearing purple flowers and curved pods covered with 
silvery brown bristles found at lower elevations on 
western ghats and Nilgiri and Palni hills. The 
bristles on pods cause dermatitis (Chopra. 1958. 
559 )- 

Af. macrocarpa Wall. (Nki*al — Baldliengra ; 
Lepi.h.v — Tanyerik ; KiiA.st — Meijendru, jenni-jefidru, 
thar-jendru) is a large woody twiner found in Nepal, 
eastern Himalayas and Assam, ascending to an alti- 
tude of 2,(V)o m. It is reported to damage sa|)lings 
in forests and is kept under check by periodical 
cutting (Gamble, 240; Troup, I, 250). 

Af. nigricans Sreud. syn. Af. imbricata IX^. (Benc. 
— Kasi ; N epa i . — Kaoso ; Lei »( : 1 1 a — Dangy ini ri k : 
MuNOARt — Marang-itika ; Assam — Mekuri-ghila) is 
a large woody twiner with dull purple flowers and 
oblong pods clothed with yellowish brown irritating 
bristles found in tbe sub-IIimalayan tract, Bihar, 
North Bengal, Assam, southern parts of Madhya 
Pradesh and Andaman Islands. The watery sap from 
the stem is used in Philippines for coughs and fevers. 
The hairs on pods produce dermatitis (Fox, Philipp. 
J. Sei., 1952, 81 , 323; Brown, 1941, II, 134 ; Chopra 
et al., 40). 

Af. utiUs Wall, cx Wight, a species known only 
under cultivation in India, resembles A/, prurita and 
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A/, dvcringuiua lo some extent ; it has l)cen consi- 
dered l)v many authors to he a variety of either of 
these species. It hears purple flowers and velvety pods 
S 12 cm. loitg : the seeds are dull hlack, faintly 
marked with hrown flecks. Analysis of seeds, 
which are much larger than those of A/, fyntrita, 
gave the following values: moisture, 12.0; protein, 
27.S : etlier extr., 4.5 : and ash, 3.3 ”m. The seed 
proteins have practically no growth promoting 
value ; the biological value is also low, 43% at 
10.5',, level of protein intake and 56 Vo at 6.25 Vo 
intake level ; the corresponding digestibility values 
are 82.4*',, and The seeds are more toxic than 

those of A/, jyruntii (Sarkar Bose, Ann. Biochew., 
5 , 55). ' 

MUHLENBERGIA Schreh. {Gramitieac) 

D.K.P., III. 436: Kl. Br. Ind., VII, 258. 

A genus of anntial or perennial grasses, mostly 
/Xmerican. Three species have been recorded in 
India. A/. Iiitcfrclii "I'rin. syn. Af. viriclissima Nees ex 
Stcud. is a slender grass with stems up to 30-90 cm. 
and smooth or scaherulous leaves found in temperate 
Himalayas from Kashmir to Sikkim at 900 2,700 m. 
and in Khasi hills, riie grass is considered tiseftil as 
fodder. Analysis of the grass (from Indonesia) gave 
the following values (dry basis): protein, 12.8: fat, 
2.46 : carbohydrates, 44.8 : fibre, 29.7 : and ash, 
10. r*., (Walandouw. /. .vci. Rem, Indonesia, 1952, 1 , 
201). 

Mukia — see Melothria 
Mulberry — see Morus 
Mulberry, Paper — see Broussonetia 
Mule Fern — see Hemionitis 
Mules — see Livestock 
Mullein — see Verbascum 
Mullein Pink — see Lychnis 
Mullite -- see Kyanite ; Sillimanitc 

MUNDULEA Benth. (Leg//mino5V/e) 

A small genus of shrubs or small trees found in 
/Vfrica. Madagascar. India and Ceylon. One species 
occurs in India. 

M. sericea Cheval. syn. A/, suherosa Benth. 

D.K.P., V, 288: C.P., 546; Kl. Br. Ind., II, no 
Kirt. &: Basil, PI. 301. 

— Koyidaveni^udi, l)alasarani, verri billudii ; 
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Tam. — Pilavaraniy vellailylyorasii : Kan. — Bettalinntli, 
kadulitvari ; Mal. — Kattntnvara, 

I)ec:ca\ — Snpti, snri. 

A stout erect shrub or small tree, 3.0 -4.5 m. higb, 
found in dry forests and rocky hills of west and 
soutli India, in Konkan, Circars, Deccan and 
Carnatic to Tinnevelly, up to an altitude of 1,200 m. 
Bark thick, corky, yellow; leaves imparipinnate : 
leaflets ol)long-lanceolate : flowers pinkish violet or 
reddish, in close terminal racemes : pods linear, 
llaltened, densely velvety with short golden brown 
liair*^' : seeds 3-8, yellowish brown. 

The plant can be propagated by seeds. It coppices 
frejely and is regarded as a useful pLant for reafforest- 
ing hare hills. When found growing in evergreen 
bush or forest regions, the plant has a smooth non- 
corky bark (Greenway, Kew Bull., 1936, 245 : 
Bourdillon, 116; Holman, 92). 

A/, sericea possesses insecticidal and pisciiidal pro- 
perties. All parts of the plant, particularly the bark 
and seeds, are toxic. Dry conditions and calcareous 
soils are favourable for the formation of toxic prin- 
ciples ; attempts have been made to i.solate strains 
with high insecticidal potency by .selection. Ground 
hark, especially preparations from smooth non-corky 
hark, is a powerful insecticide, of the same order of 
potency as derris root, and has been successfully 
used against a number of insect pests. Used as diLst, 
it is toxic to caterpillars, cockroaches, pidse beetles 
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and house flies. In India, the whole plant has been 
tried in the form of dust, against cattle lice and fleas, 
Epilachua l)cctle grub and mosi|uito larvae, and 
found effective. Acjueous extracts of the plant are 
effective against aphids, grasshoppers and mango- 
hopper nymphs (Idioccrits sp.). The hark is reported 
to he used in E. Africa to drive away crocodiles from 
rivers. The activity of the hark is not much affected 
by storage in closed containers in a dry condition, 
but extracts lose their activity on keeping in contact 
with solvents |Ch'eenway, loc. cit. : Holman, 91 92 : 
Spickett, Colon. PI. Anini. Prod, 1955. 5, 288: 
Spoon tV [.oosjes, Tijdsclir. PlZickl., 1959, 65(3), 79 : 
Puttarudriah, Mysore agric. /., 1954, 30, 70 : Chem. 
Abstr., 1936, 30, 4986; Sul)ramanian, /. AJysore 
agric. exp. Un., 1932, 13, 58 : Chopra ei al., 395 ; 
Adni. Rep., Dep. Agrie. Mysore, 1933-34, i2|. 

The bark of A/, sericea from E. Africa contains 
rotenone (tbe chief toxic constituent of derris root). 
The toxicity of tbe bark, however, cannot be 
accounted for on the basis of rotenone alone. 
Analysis of several samples revealed that while the 
rotenone content varied from o to 1.1%, extracts of 
bark Irom some areas were as toxic as that of derris 
containing 5.4'V. rotenone. A crystalline substance, 
C..,H.„(); (m.]). 193”), j>ossessing a toxicity towards 
fish a|)|)roacbing that of rotenone. has been isolated 
from tbe stem bark. Tbe same sid^stance has been 
isolated from the root bark, along with a yellow 
compound (m.p. 216“) of tbe same empirical forniida 
(Spickett. loc. cit. ; Holman, 92). 

I'lxiracts of tbe leaf, bark, stem and roof of M. 
sericea plants growing in India did not give a posi- 
tive Durham test and attempts to isolate rotenone 
from them were unsuccessful. A substance desig- 
nated munetone |2-methoxy-7 : 8-(2-i.s'opropvl-4 : 5- 
fiirano)- i.sollavone, C.j,H,^(),. m.p. i92-<)3°. yield 
o.3'f.| and 2 minor compounds. C.,,H,,0,, (m.p. 216- 
17'') and C",..H.,.,() (m.p. 74-75''). have been isolated 
from the root bark. Mtmelone is highly toxic to tish 
and is possibly an intermediate in the biosynthesis 
of rotenone-type compounds. 'Hie seeds contain a 
crystalline principle, numdulea substance A 
(C2.H.^,0,„ m.p. i8a-82“, yield o.i5"o), which is as 
toxic to fish as rotenone. In addition, they contain 
a .second crystalline substance (m.p. 187-89”) and 
amorphous fractions possessing considerable toxicity 
towards fish. Mundulca substance A and toxic amor- 
phous fractions occur also in roots. I.,caves contain 
/.?orhamnetin and a crystalline substance. C,,.H2i,0^iN 
(m.p. 199°) (Spickett, loc. cit. ; Dutta, /. Indian chem, 


Soc., 1956, 33, 716 ; 1959, 36, 165 ; Narayana & Ranga- 
swami, /. sci. industr. Res., 1955, 14B, 105 : Indian J. 
Pharm.y 1954, 16, 171). 

Ethanol extracts of fruits and leaves of M. sericea 
are active against Gram-positive bacteria and M\co- 
bacterium tuberculosis. Fhe bark contains a toxic 
glycoside ; a non-alkaloidal thermostable principle 
with a marked depressor action, due chiefly to its 
effect on tbe myocardium is also present (Nickell, 
Kcon. Hot., 1959, 13, 281 ; Chem. /l/;.s7r., 194b, 40, 
7394)- 

MUNTINGIA Linn. (Tiliaceae) 

Bent hall, 66. 

A monoty[)ic genus, comprising Muntingia cala- 
bura lann. (Jai».\nivsk Ciikkry), native of South 
America, cultivated all over tbe tro|)ics for f)rnament 
and for its edible fruit. 

M. calabura is a small or medium-si/ed tree with 
spreading branches : leaves obli([uely lanceolate, 
serrate : flowers small, white, borne on stalks 
c. 2.5 cm. long ; fruit a berry, smooth, red. globose or 
obovid, c. 1.5 cm. diam., containing many seeds 
embedded in a juicy pulp. 



FIG, 173. MUNTINGIA CAI ABIJRA-FLOWERING AND FRUITING 
BRANCH 
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The plant can Ik* propagated by cutiings of half- 
ripe shoots in sandy places. It grows rapidly and its 
evergreen foliage, combined with dwarf habit, makes 
it an excellent ornamental tree for lawns. The fruits 
are sweet and pleasant to taste and can he made into 
jams and tarts. 'I’he edible pttlp including seeds 
contain: total solids, 24.6: insol. solids, S.4 ; protein, 
i.(;S : reducing sugars. S.05 : sucrose, 5.34: acids (as 
malic), 0.08; and ash, 0.80“,, (("hittenden. 111, 1326; 
(iopalaswamiengar. 245; henthall. 67: Burkill, II, 
1504 : VVinton Winton, II. 770). 

riie hearlwood of the tree is light, fairly lustrous 
and linn. It is easily worked, htil is not durable : it is 
of tio comtnercial value. Infusion of the leaves is used 
as tea, that of flowers for headaches and incipient 
c'olds. 'The lough fibre of the hark is used for 
ropes and cordage (Burkill. II, 1304 : Record tV Hess, 
146: Benihall, 67 : Brown, 1941, II, 394: Neal. 
479 )- 

MURRAYA T/mn. {Rutficrur) 

A genus of shrubs or small trees distrihuied from 
South aiul Kasi Asia to Australia, 'fwo species occur 
in India. 
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M. koenigii (Linn.) Spreng. Curry Li:.u’ Tkkk 
D.L.P., V, 2iSS ; M. Br. Ind., I. 503: Swingle in 
Webber < 5 ^' Batchelor, I, 200. 

lliNDi Kdtlinini, uiitJia neem, kiirr\ fyaHa, iftind- 
hclii, harsftniTfi ; liar sauirn, karialylmlli ; Mar. 

Karliifilnih, lyoosjya/a, irandla, jliiraa^ : 
(laraiiinih, kadhUiaihdo ; Tkl. — Karcf^iku ; 'Lam. — 
Kttrivraijai, ka rave 1 ^ 1)1 lei, kail tree f^l^ilei ; Kan.-- 

Karihei'it : Mal. Karivc(ipilei : i)\<i\.\ - liarsan, 

hasain^o, hhursun^ra. 

Assam Narasin^ha, hislialiari. 

A handsome, aromatic, more or less deciduous 
shrub or a small tree, up to 6 m. in height and 
15 40 cm. in diam., found almost throughout India 
and the Andaman Islands up to an altitude of 
1.300 m. Bark dark brown or almost black : leaves 
imparipinnate : leaflets 9-23, ovale, lanceolate or 
somewhat rhomboid, irregularly i renate-dentate, 
acuminate, obtuse or acute, base usually ohlicpie, 
almost glabrous above, pubescent beneath, gland- 
dotted, strongly aromatic: flowers in terminal 
corymbose cymes, white, fragrant ; berries sub- 
globose or ellipsoid. |)ur|)lish black when ripe, 

2 -seeded. 

A/. /t'oc///g// is commonly found in forests, often as 
gregarious under growth. It is much ( ultivated for its • 


aromatic leaves and for ornament throughout India. 
Projiagation is by seeds, which germinate freely 
under partial shade ; a spacing of 13-20 ft. lias been 
suggested for planting seedlings. The plant is subject 
to white saj) rot catised by Fotaes Inclinalus 
Klots/ch : a collar rot of .seedlings, cau.sed by Rliiz- 
oeionia (Cartieiaai) so/ani Kuhn, has been reported 
from Nagpur |Cameron, 48 : Ifidian ]. afrric. Sei., 
i93t), 20 , 107 : Jain & Mahmud, Nairfynr afrrie, Ccdl. 
A ///g. , 1931-32, 26 ( 1 -4), 1 8 1 . 

/ 14 ie leaves of the plant arc extensively employed 
as flavouring in curries and chuineys. Analysis of 
leaves gave the following values: moisture, 66.3; 
protein, 6.1: fat (ether extr.), 1.0: carbohydrate, 
16.0: fibre, 6.4; and mineral mailer, 4.2%: calcium, 
810 mg.: phosphorus, 600 mg.: and iron, 3.1 mg.: 
carotene (as vitamin A), 12,600 i.u. : nicotinic acid, 
2.3 mg. : and vitamin C, 4 mg./ km) g. : thiamine and 
riboflavin, absent. 'Fhe leaves are a fair source of 
vitamin A : they are also a rich source of calcitim, hut 
due to the pre.sence of oxalic acitl in high concentra- 
tion (total oxalates, 1.33% : sol. oxalates, i.i3?m), its 
nutritional availability is affected. The free amino 
acids present in the leaves arc: asparagine, glycine, 
serine, aspartic acid, glutamic acid, theonine, alanine, 
^proline, tyro.sine, try|)tophan, y-aminohutyric acid, 
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phenylalanine, leucine, isoleucine, and traces of orni- 
thine, lysine, arginine and histidine. The leaves also 
contain a crystalline glucoside, koenigin, and a resin. 
I'wigs and leaves contain o.H'X, potash (dry matter 
basis) (/////; Bull., No. 23, 1951, 32 : Anantha Sainy 
cl al.y Curr. Sci., i960, 29 , 133 : Radhakrisbnan 
cl (tl., J. hidimi Insl. Sci., 1955, 37 A, 17S : Mata 
IVasad (S' Dange, fudiau For. lA'afl., No. (jj^, 
1947, S). 

Fresh leaves on steam-distillation under pressure 
((JO Ih./s(|. in.) yield 2.6% ol a volatile oil (Curry Leaf 
Oil) which may find use as a fixative Tor heavy type 
of soap j)erfiimc : distillation al ordinary jtressure 
gives very |)oor yields of oil, while distillation with 
superheated steam (temp., 220") yields a dark 
coloured, foul smelling oil. Rectified curry leaf oil is 
deep yellow in colour with a strong spicy odour and 
pungent dove-like taste ; it has the following charac- 
teristics: sp. gr.'’ , 0.974S ; 1.502 1 : |fi|"’ , 4-4.S'' : 

sap. val., 5.2 : sap. val. after acetylation, 54.6 ; acid 
val., 3.S ; sol. in 80% alcohol with slight opalescence 
'I’he oil contains: r//-o-phellandrene. 4.6 : ^/-sahinene, 

9.2 : r/-o-pinene, 5.5 ; dipentene. 6.8 : d-M-terpineol, 

3.2 : caryophyllene, 26.3 ; isosafrol, 4.4 : cadinene, 
18.2: cadinol, 12.8: laiiric acid, 2.7: and palmitic: 
acid, 3.4"r. (l)ult, htdiun Soup /., n;57 58. 23 , 201). 

riie fruit is edible. It yields 0.76';,, of a yellow vola- 
tile oil with neroli-like odour and pep|)er-like taste, 
accompanied by an agreeable sensation of coolness on 
the longue. 'Fhe characteristics of the oil are as 
lollows: s|). . 0.87; ; )/„. 1.487: |»|„. -27.24" : 

h-p- '73“74"- I he fruit is re|)oried to coniaiti koeni- 
gin I Swingle in Webber Batchelor, 1 , 202 : Krishna 

Badhwar, J, sci. iiidustr. Res., 1948, 7 ( 6 ), suppl., 
104 : Wehmer, I. 62 1 1 . 

rhe leaves, root and hark are considered tonic, 
stomachic and carminative. Leaves are used internal- 
ly in dysentery and diarrhoea, and also lor checking 
vomiting : they are applied externally to bruises and 
eriij)ti()ns. Atpieous extracts ol leaves, when adminis- 
tered [larenterally to female guinea pigs, n(.)t only 
raise the phagocytic index hut also mohili/e a greater 
luimher of leucocytes to take part in phagocytosis ; 
the effect does not last long. The juice ol the root 
is taken to relieve pain associated with kidney 
(Kirt. (Sl Basil. I, 473 : Broker cl ul., Curr. Sci., ic;53, 
22 , 44). 

The wood (wt., 43-50 Ih./cu.ft.) is greyish white, 
hard, even- and close-grained and duraide. It is used 
for agricultural implements (Gupta, 93 : Talbot, I, 

* 94 )- 


M. paniculata (Linn.) Jack syn. A/. c\nticu Linn. 
Orancu: Jk.s.samink 

1 ).F.J\, V, 288 ; FI. Br. Ind., I, 502 : Swingle in 
Webber cV Batchelor, I. 1(94, J‘'ig. 29. 

Hindi — Kuuii}u, uiurcliidu : Bknc;. Kuuiiui : Mak. 

Ruuduri, kutili, uiurcliidujuli : T1.1.. 
kurepuku : 'Pam. Kouji ; Kan. /b/gz/zv/Av/z/^/ gu/zz, 
puudry ; Okiya Buu luulliku, hurktnikuli. 

A handsome evergreen sliruh or a small tree with 
spreading crown and short, often crooked, trunk 
found almost throughout India and the Andaman 
Islands up to an altitude of 1.500 tn. Bark pale yellow- 
ish brown, rather corky, fragratn : leaves impari- 
pinnate: leaflets 3 9. ovale or elliptic-lanceolate or 
rliomhoid, gland clotted ; flowers in corymbose c vines, 
white, fragrant : berries oblong or ovoid, red or deep 
orange when ripe, 1-2 seeded. 

riie plant is commonly grown in gardens lor its 
glossy green foliage and large clusters of fragratn 
flowers. It is a popular hedge plant and is well 
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adapted for topiary work. Propagation may be done 
by seeds, cuttings or layering. The plant is subject to 
the attack of the cirrus stem borer, Chclidoiiiiim 
ciucium Guer. Removal of infected branches or treat- 
ment of affected parts with chloroform and creosote 
mixture is recommended as control measure (Troup, 
I, i66 : Gopalaswamiengar. 280, 582). 

"I'he wood of M. paniculata is sometimes referred 
to as (Chinese boxwood or Andaman satin wood in 
the trade. It is light yellow and lustrous when first 
exposed, fading to greyish yellow with age, without 
distinct heartwood ; straight- or curly-grained in the 
radial plane, even- and (ine-textured, strong, hard, and 
heavy (sp. gr., c. 0.83 ; wt., 53 Ib./cu. ft.). It is very 
refractory to seasoning ; slow seasoning in a cool 
place [)roiccted from hot dry winds is recommended ; 
the timber may be felled and converted soon after the 
monsoon to allow the maximum possible period for 
seasoning before the onset of hot and dry winds. The 
w(M>d is durable under cover and reejuires no treat- 
ment. It is moderately easy to saw and works to a 
smooth surface (Pearson 6c Brown, I, 199). 

The wood is used for tool handles, turnery, cabinet 
work and walking sticks. It is suitable for mathe- 
matical instruments, penholders, bruslies, mallet 
heads, etc. The wood of the root is often beautifully 
ligured and prized for kris handles (Pearson & 
Brown, I, 199; Howard, 531 ; Burkill, II, 1506). 

'^rhe leaves are stimulant and astringent ; they are 
reported to be used for diarrhoea and dysentery in 
the Philippines. Powdered leaves are applied to cuts. 
Leaves and root hark are sometimes used against 
rheumatism, coughs and hysteria. Twigs arc used for 
cleansing teeth. Lhe leaves possess antibiotic activity 
against MienKoveus pyogciivs var. aureus and Escfic- 
ric/iia cnii (Kirt. 6c Basil, I, 475 ; Btirkill, II, 1506 ; 
van Sieenis-Kruseman, Bull. Org. sci. Res. Imlonesia, 
No. 18, 1953, 43 '* J'^shi & Magar, /. sci. induslr. Res., 
1952, I IB, 261). 

Fresh leaves of M. paniadata (from Debra Dun) 
on steam-distillation yield (0.01%) a dark coloured 
Nolatile oil with a pleasant odour. The characteris- 
tics of the oil are as follows: d*’', 0.9023 ; , 1.496 ; 

sap. val.. 8.87 : sap. val. after acetylation, 72.53 ; not 
soluble in 10 vol. of 80% alcohol. The oil contains 
ses(|uiterpenes (predominantly /-cadinenc), a sesqui- 
terpene alcohol and probably methyl anthranilate. 
Flowers are reported to be used in Java for making 
cosmetics. They contain indole and a hitter crystal- 
line glucoside, murrayin (yield, 1.3%), which is 
identical with scopolin (7-glucosido-6-mcthoxy- 


couinarin, CioHi^Ob, m.p. 218^) [Gildcmeister & 
Hoffmann, 1956, V, 454 ; Krishna & Badhwar, /. sci. 
industr. Res., 1948, 7(6), suppl., 105 ; Bose 6c Mooker- 
jee, /. Indian clicni. Soc., 1937, 14 , 489]. 

MUSA Linn, (hiusaceae) 

A genus of perennial tree-like herbs, widely distri- 
buted in moist tropics. Irom Africa in the west to the 
Polynesian Islands in the east. About 14 species have 
been recorded in India ; 3 or 4 exotic species are culti- 
vated for ornament. 

The classification and taxonomy of the genus is 
rather confused. Farlier classifications were based 
mainly on morphological characters and on the edi- 
bility or inedibility of fruits, but these criteria have 
proved unacceptable in the light of recent cyto- 
genetical and phytogeographical studies. According 
to some authors, the single-stemmed monocarpic 
types with swollen pseudostem bases and a basic 
chromosome number n::^9 should be regarded as 
belonging to a separate genus, Eusctc Bruce, the 
genus Musa Linn, being reserved for the true stool- 
ing, cylindrical stemmed types with a basic chromo- 
some number 11=10 or ii. According to others, the 
two groups are so closely related that they should be 
classed together as one genus and individual groups 
considered as sub-genera. On this basis, the mono- 
carpic types are classified under the sub-genus Pliyso- 
caulis Baker anti the true stooling types under the 
sub-genus Musa. From the commercial point of view, 
Pliysocaulis [Enselc) species are not as important as 
Musa spp. (Cheesman, Kew Bull., 1947, 97, 106 ; 
Simmonds, 3 ; Moore, Baileya, 1957, 5, 167 ; FI. 
^‘^SyP*’ 543 ’ Ghakravorti, Indian J. Ccnct., 

1951, II, 34 ; Mansfeld, 575). 

X)n the basis of chromosome number and certain 
morphological features, the sub-genus Musa has 
been divided into four sections, viz. (i) Musa 
(Etiniusa)* (n=ii) having dull coloured bracts en- 
closing many flowers in two series and distributed 
from India to Japan and Samoa : (ii) Rhodochlamys 
(Baker) Cheesman (n=ii) with bright red coloured 
bracts and a few flowers, usually in a single scries, 
distributed from India to Indo-China ; (iii) Austraii- 
musa Cheesman (n= 10) with sub-globose or dorsi- 
ventrally compressed seeds, found from Queensland 
through North Guinea to Philippine Islands ; and 
(iv) Callimtisa Cheesman (n=io) with cylindrical, 

• For ihc sake of clarity, the term Kumusa is included in the 
text, though according to Art. 22 of the Intern. Code hot. 
Nomencl.y I9.S6, the coircct term is section Musa. 
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barrel-shaped or lop-sliaped seeds, distributed in 
Indonesia and Indo-China. Most of the cultivated or 
commercially important liananas, particularly those 
occurring in India, belong to the section Musa (h'u- 
uiiisa) ; Australimusa includes A/, icxiilis (Manila 
Hemp) and Fehi or Fc’i bananas of the l^icilic ; 
Rhodochlamys and Callimiisa include species which 
arc mainly ornamental (Cheesman, Kew Bull., 1947, 
106 ; Simmonds, ibid., i960, 198 ; Simmonds, 3). 

Section Musa [futtuusa), the biggest and geographi- 
cally the most widespread, includes the majority of 
edible bananas, mostly of hybrid origin. Tbe wild 
progenitors of edible bananas have been traced to two 
variable species, viz. A/, acuuiinala and i\f. halbisiaua, 
both of which are represented in India. The latter 
includes mainly diploid seeded types, while A/, acumi- 
nata includes both diploid and triploid Forms ; hybri- 
dization between the two latter types and with types 
of A/, balhisiaua has resulted in diploid, triploid and 
tetraploid cultivated forms. The centre of origin of 
this banana com|)le\ is mainly east Asia, comprising 
Assam, Burma, Malaya, Siam and Indo-China, with 
perhaps Malaya as the |nimary centre and India as 
the secondary one. Ihe sid)-genus I^liysocauHs is 
considered to have originated in South-Fast Asia, 
although many of the species at present are found 
distributed in Africa (Simmonds & Shepherd, /. 
Linn. Soc., But., 1949 57. 55 , 302 : Venkataramani, 
Madras a^ric. 1949. 36 , 552 : Chakravorii, loc. cii. ; 
Krislmamurlhi & Seshadri, Indian ]. Hurt., i95tS, 15 , 
135 ; Simmonds, 308). 

Of the various species and sub-species of Musa, 
only the iiihivated edible bananas are of economic 
importance ; others are of intrinsic value, mainly in 
understanding the evolution of cultivated tyi)es and 
for breeding and .selecting desired tyjies to meet the 
|)articular needs of a region. In the present account, 
only the edible bananas of India and the libre-yield- 
ing A/. Icxiilis are dealt with. Other species are 
enumerated in Table i and their characteristics and 
economic importance are brielly indicated. 

The evolution of edible bananas is clo.sely asso- 
ciated with four factors, viz. parihencuarpy, sterility* 
vegetative propagation and polyploidy. Fdibility 
depends primarily on the occurrence of partheno- 
carpy or development of a mass of pulp from the 
ovary without fertilization. Pulp development starts 
from the inner face of the skin and is supplemented 
by swelling of septa and axis. Parthenocarpy is often 
accompanied by female sterility and consec|ucnt seed- 
lessness. Parthenocarpy and sterility have arisen 


probably due to gene-mutations in fertile diploids, 
which became established by human selection and 
vegetative propagation. The (Kcurrenct; of polyploidy, 
particularly of triploids, contributes to increased 
vigour and the large size of fruits. Continued vege- 
tative propagation has resulted in the accumulation 
of structural changes in the chromosome mechanism, 
thus making sterility more complete (Simmonds, 29 ; 
Chakravorti, loc. cit. ; Krishnamurtlii & Seshadri, 
loc. cit.). 

M. acuminata Colla syn. A/, cavcndisliii I.,amb. ex 
Paxt. ; A/, c/iinctisis Sweet ; A/, banksii F. Muell. 
(including var. singanipatti Nayar) ; A/, nana 

Lour. (?) ; A/, zrbrina Van lloutte ex Planch.; 
M. cliiliocarfm Backer ex Heyne 

Cheesman, Kc'w Bull., 1948, 17 ; Simmonds, ibid., 
1956, 463 : Moore, Bailey a, 1957. 5 , 176. 

A freely or s[)arsely stooling plant with p.seudo- 
slem 3-7 m. high, usually heavily blotched with 
brown or black ; leaf sbeaihs and petioles often 
covered with bloom; leaf blades 2.0 2.5 m. longx 
40-60 cm. wide, oblong, iruncate at apex, varying 
fnnn green to purple ; inllorescence horizontal or 
pendent with puhescent rachis and peduncle ; fruit 
bunches compact or asymmetrical with siib-cylindri- 
cal, shortly pedicelled and prominently beaked 
lingers, 8 13 cm. long x i. 5-3.0 cm. diani. ; seeds 
when [)resent dull black, smooth or tubercular, em- 
beddeti in whitish or creamy to yellow pulp. 

M. acuminata has a fairly wide distribution and 
oemrs in Assam, Burma, Ceylon, Indo-China, Siam. 
Malaysia, Australia, Samoa and Philippine Islands ; 
it has been reported al.so from parts of Peninsular 
India. It exhibits great variation and has been .split 
up into 5 sub-species on the basis of cytogenetic and 
])hytogeographical studies. 'I'he forms included under 
the sulvspccies are interfertile and the whole 
assemblage forms a panmictic unit (Simmonds & 
Shepberd, j. Linn. Sac., But., 1949--57, 55 , 302 ; 
Simmonds, Kew Bull., i960, 198 : Nayar, hidian J. 
Hurt., 1952, 9 , 13 ; Venkataramani, j. Indian but. 
Sac., 195 <), 34 , 79 ; Sundararaj, S. Indian Hurl., 1955, 
3 , 16). 

Both seeded (wild) and seedless (edible) forms of 
A/, acuminata occur as normal diploid plants, in 
addition to triploids. Edible forms arc said to have 
arisen through the evolution of parthenocarpy and 
sterility in diploid forms ; through outcros.sing of 
edible diploids with wild forms of A/, acuminata and 
M. balbisiana, followed by human selection ; and 
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S|)(‘(ifir iKiinc 
MUSA 

Sen ion 

.\l. i lirrsnifinn Simnunuls* (Kol, 
h(ihu) 


M. Ildiiflfntt Siininoiuls* 

-svn. Si. l/nnnsoni Kin;; ex Clowaii 
tV (\)\\;iii (Knit (Iczcrit, losoarini^. 

Util hmi^) 

>/. ilincKins C!lii‘eMiiair-‘ 


M. IVain^.“ 


M. \th’h‘ifnrnsi\ Knr/.‘ *-'' 

syn. M. hnaheri King r\ (Iowan t'v: 
(’owan {linn hnu, Inyai) 


Snt'inu KHonOCIILA.MYS (IWikci) 
('hersinan 

\l. ninnnii Wrndl. ex Baker'.''' 


M. nnuild Koxh.*"*.'*.'" 

•»yn. M. rosnevn anil, non |ai(|. 
{Rfiinnnii’i knht. Iiiirin}^ tnHdiifr 
hem) 


M. sdni^ninnt Hook, f.'’-' 


veUttind Wendl. & Driide*-' 
svii. M. fld'^yi tirfid Knr/(?) 


Sul> genus PHYSOCAULIS Baker 
(-KNSETlj Bruee) 

M. sdf^rthd Koxl).‘.".^".'^-''• 

- lAi^ftr snfxthum (liieesrnan 


g/nnin Uoxl), s\n. (’s') 
ncftdlrnsis 

Enscic i^ldufiim (Roxl).) 
C'lieesnian 

A/. d^JidrUdrii (Hiakravorli' 
{(Iddd held) 


l-CHAKACTHRI.STICS AND DISTRIBUTION OF SOME WILD 
SPECIES OF MUSA IN INDIA 


Disirihution 


Charaeleristies 


Keniarks 


Diinapur (A.ssani) ai 

/.''() 1,050 III. 


Sikkini(?) ; Assam, 
Khasi iiills, Alikir 
.Mariani hills, Ilaf- 
long, Manijnir 

.Manipur 


Naga hills 


Densely st<»oling ; I'ruils angular, .Seeds reininiseent oi' A///v/ 
eurved, whitish green ; seeds hdlhisiand, hul ;il)out 

large, flattened, sub-globose, twice as large 

rough-warty 


ll.'ibit similar to A/, annninala ; 
hraets orange vellow in male 
flowers 


Ke.sembles M. dvuiniiuild : 
n.atiiral hvbrirls with 
A/, trlnlind oeeur in 
Assam 


l*'reelv stonling ; I'ruils vellow when 
ripe : .seeds tubereul.ite 


2n 22; elo.sely allied to 
A/, hdsjnn 


Bseudostein slender; Iruils |)oinl- 2n- 22; .seeds |•esend)le 
ing forward & downward ; seeds those of Knsetv ^ilU tUi 
l.'irge, sub-globose, obscurely ('heesman 
warty 


Sikkim, N. Bengal, 
Khasi hills, Mani- 
pur 


Kobusi with p.seiidostem smudged 
blackish brown ; inflorescenie far 
out-shot from psetidostem ; fruits 
splayed, ma.ssive, angular ; .seeds 
sharply angular, smooth 


Distributed through 

higher ground between 
'I'ihet A' Burma ; seeds 
resemble those of M. 
jid^^rnsiuni 


Ass.ii 


Sikkim, N. Bengal, 
Chota Nagpur, 
Orissa, Konkan 
hills 


Assam 


Assam 


Small-si/ed with pseudoslem tinged Spei ies not fully studied 
wit It black : fruit greenish, .S cm. 
long, with thin pidp A m,*iny 
black seeds 


Freely slooling with slender pseu- 
dostem ; infloresceiue erect : fruit 
bunch eompaet ; fruit f)-S cm. 
long, inflexed, green yellow with 
black, warty, irregularly depress- 
ed seeds 


2n 22 : ornamental : 

SI ape e.'iten .'iftcr boil 
ing or diied A made 
into flour 


I'reelv stooling ; pseudostem slen 2n 22: ornamental 
der ; inflore.sceiice hori/ontal : 
fruit up to 7 cm. long, greenish 
vellow’ : seeds aiigulate ile|)ressed, 
tuberculatc 


I'reelv stooling ; inlh»reseeiice erect : 2n 2.!: hvbrifli/.i s with 

fruit bright pink, hairy, t . 7 cm. M. /Idi iflnm^ 

• long: pericarp splitting in irre- 
gular mass exposing seeds ; seeds 
irregularly angulate-depres.sed. 
tuberculatc 


Western ghats from 
Bombav to TVavan- 
core hills A ravine 
slopes A in Assam 


Probablv fo\md in 
Khasi hills A Dower 
slopes of Himalayas 
in Nepal 

(’hitfagong hills 


Non -stolon I fcroiis with stout pseu 
dostem A A.5 m. high ; inflore 
scenic drooping, up to 1.2 m 
long; fruit p.ile yellow with thick 
skin ; seeds numerous, blackish, 
sub-glohose, K 12 mm. in diam. 


2n IS; rootstock A 
voung inflore.scence 

eaten ; fruit pickled 
when young ; often 
culti\ateil for ornament 


Non stoloniferous ; fruit clavate, (hown in gardens ; seeds 
with black globose seeds, 12 mm. u.sed iti rosaries 
in diam. 


Non sloloniferoiis ; fruit small, obo- 2n-IS 
void, few seeded ; seeds large, 
rounded, 12 mm. in diam. 
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TAHi.i-: 1 -contd. 


Specific* mime 


Distribution 


Cli a ract eristics 


Remarks 


M. rtisrtc J. K. CJmcIin**"-''* 
-Ensetc I'vntricosum (Welw.) 
Chccstnan syn. K. vdule Horan. 


Native of tropical 
Africa ; cultivated 
in Assam ^ olbcr 
areas 


Non -stolon iferous ; pseudostem tall, 
4 -9 in. high ; inflorescence 1.0 m. 
or more in length ; fruit oblong 
or pear shaped with 15 -25 seeds ; 
seeds large, n-I7 mm. in diam. 


2n 18; yields a fibre 
used for cordage A' tex 
tile purposes ; seeds used 
for necklaces ; starch 
obtained from pseudos- 
tem A fruit 


* ('hakravorti, /. /ndiVin ho/. .Voc., 1948, 27, ^>0 Simmonds, Ke:e Bull., I9.s6, 46.^; H'heesman, Kvn' Bull., 1949, 2.4; * Moore. 
B(iiU*\a, 1957, 5, 18.4; '■ CMu'csman, Km: Bull., 1948, .125; * KI. Hr. bid., VI, 262 6.4; ' ('heesman, Km' Bull., 1949, 1.1.1, 1.15; * D.K.P., 
V, 290 507; ^ Bressers, 148; ’"Haines, VI, 1126; Mooney, 204; ” (’.heesman. Km Bull., 1947, 97 ; ’“Baker & Simmonds, Km 
Bull., 195.1, 405; Clhoudhury, Indian Ear., 1959, 85, 422; " (iopalaswamiengar, .141 ; ’ ’I'l. Rgypt, III, 5.42 38 ; " Simmonds, 7Vo/). 
Agriculture, Erin., 1950, 33, 251 ; ‘M"l. Madras, 1497; Satilapaii, Rcc. hot. Sure. India, 195.4, 15, .416; '"Colder A Nambisan, 
Inrlian Hart. 1958 .S9. 3f2k 8. 


through the occurrence of trijtloidy in AT. acuminata 
itself and in crosses ])et\veen M. acuminata and 
AI. halbisiana, ihus resulting in two genetically dis^ 
tincl types of triploids (Clieesinan, Kezv Bull., 1947, 
106 ; Simmonds, ibid., 1956, .163 : i960, 19S ; 

Simmonds, 308). 

Cultivated types of AI. acuminala have lieen broad- 
ly grouped as dwarf, medium tall and tall on the 
basis of their habit. Dwarf types were considered by 
earlier workers as a separate sjH’cies, AI. cavendishii. 
It lias now been shown that they are mutations from 
tall memliers of the group, chosen because of their 
low stature which makes them less susceptible to 
wind damage and their better adaptation to growth 
in cool climates. Dwarf bananas show intergrading 
forms conned ing dwarf types with more than one 
tall variety. Basrai (I'amankcli or Kabuli), com- 
monly cultivate<l in Bombay, Madras and other 
Slates, is typical of the edible dwarf type, (ho.s 
Alichcl, a well-known clone in West Indies and S. 
/Xmerica, is a type belonging to the tall grouj) : it 
is grown to some extent in Bombay and Madras. 
Other clones cultivated widely in India are: 
Hariclial (Pedda l)ac/ia aruli), (diakkantkcli, Lai hrl 
{('dicnkadali, Sevvazhai), Green red (Venkadali), 
i'hin^an, Kadali and Alalli. 'Die last one is a diploid 
ty|)e confined to the bill ranges of Kanyakiimari 
district in Madras State : it thrives only at elevations 
of 300 6 (k) m. with an average rainfall of 300 cm. and 
suffers in grade and (|ualily when grown in plains 
(Nayar & Bhakthavathsalu, Indian ]. Horl., 1955, 
12 , 22 : Simmonds, Kezv Bull., 1956, 463 : (hiwder 
Nambisan, S. Indian Horl., 1959, 7 , 20). 

M. balbisiana Colla syn. AI. sapienium var. prui- 
nosa King ex Cowan Cowan 

C'heesman, Keze Bull., 194S, 11 : Moore. Baileya, 
1957. 5 , 177 ; Jacob, K.C., 127, Ing. 71. 


Nkp.m. — Bonkera ; Kii.\.si — Kait dezvsan : Manipvr 
— C.hungbi anguoba ; Assa.m — / t///7\7/ kol. 

A freely stooling plant with green or yellowish 
green pseudostem, up to 6 m. high and 30 cm. diam. 
at the base ; leaves oblong, 3 m. long v 60 cm. w ide, 
truncate at apex, green above, paler and more or less 
glaucous beneath : inflorescence pendulous with 
glahrous peduncle and rachis ; male bud ovoid to 
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ellipsoid with more than one bract lifting at a time ; 
fruit bunch pendent, compact with pale yellow fruits, 
7 -15 cm. long and 4 cm. diam., more or less distinct- 
ly angulate at maturity : pulp whitish ; seeds 5-6 
inm. long and 4-5 mm. broad, black, minutely 
warty, irregularly globose. 

A/, halbisiana occurs in Assam, Sikkim and S. 
India, extending northward, eastward and southward 
to Burma, China, Philippines, New Guinea and 
Ceylon : it is cultivated, perhaps naturalized, in 
Thailand, Malaya and liKloncsia. It is apparent- 
ly the least variable among the Musa species and 
is widely distributed. It grows vigorously and 
is resistant to diseases. It is easy to grow and does 
not hybrid i/e well with other species. It has been 
occasionally confused with A/, textilis in the 
Philippines, because some of its forms yield a 
fibre similar to that of A/, textilis, though inferior 
in (juality. 

This species includes mainly diploid (n^ii) 
seeded types ; edible triploids are not found and such 
types as arc under cultivation are considered to be 
hybrids with A/, acuiuinata. However, some diploid 
types arc useful to a limited extent for food, fibre 
or other assorted purposes. Buds arc eaten and are 
preferred to buds of other edible bananas as they 
are less astringent ; male flowers and immature fruits 
are sometimes used in curries. Leaves are preferred 
for platters and for wrapping, and Elavazhai, 
Ginjaliarati or Kalluhalr grown in some parts of 
S. India for leaves arc referretl to this species. 
Butuhan and Pacol growti in the Philippines for 
fibre and used tis a substitute or adulterant of abaca 
(A/, textilis) are also considered to belong to this 
species (Simmonds, Kezv Bull., 1956, 463 : Simmonds 
& Shepherd, /. Linu. Soc., Bot., 1949-57, 55 , 302 
Brewbaker el ah, Philil)!). Afrric., 1956-57, 40, 242 
Venkataramani, Madras agric. /., 1949, 36, 552 
Simmonds, 268-69: Jacob, K. C., 128). 

*M. X paradisiaca Linn. syn. M. x salucntuw Linn. 
KdIIU.E Ba.NANA, Pr.ANTAl.\ 

D.K.P., V, 290 ; C.P., 786; FI. Br. Ind., VI, 261 : 
Cheesman, Keze Bull., 1948, 145 : Moore, Baileya, 
1957, 5 , 185. 

* 'I'he use of the Liniiacan names M. paradisiaca and M. 
sapicfitum is considered not consistent with the current knowledge 
of the specific nature of edible bananas. However, it appears 
UKcfuI to retain the name .\f. fhtradisiaca, because it is the type* 
species of the genus. Following a recent suggestion, the specific 
epithet has been prefixed by the sign to denote its hybrid 
origin (Simmonds, 53 S4 ; Moore, Baileya, 1957, 5, 171). 


Sans. — Kadali, raviblia ; Hindi — Kela ; Tel. — 
Arati, anati ; TaxC — Vazhai Kan. — Bale; Mal. — 
Vazha, 

Kdiblc bananas of hybrid origin valued for their 
seedless fruits arc included under this specific name. 
They comprise all the diploid, triploid or tetraploid 
clones, mainly hybrids of Af. acuminata and A/. 
balbisiaua. 

In all the earlier classifications, the edible clones 
have been grouped under the two Linnaean names 
A/, paradisiaca and A/, sapienlum, the former includ- 
ing mainly culinary types (plantains) and the latter, 
the dessert types (bananas). Such a delimitation has 
been found to be artificial, since some of the so-called 
plantains are eaten when ripe. Several botanists have, 
therefore, treated all the types as belonging to a 
single species and assigned them to M. paradisiaca 
on grounds of priority and reduced A/, sapientum to 
a varietal or suh-specific status, while a few others 
followed the reverse procedure and reduced M. para- 
disiaca as a variety of A/, sapient uni. To overcome 
this confusion, it was suggested that all edible 
banana clones should be treated as varieties and 
forms of a combined putative species A/, sapidisiaca 
Jacob. However, the botanical features on which the 
species are based have been found to he unstable 
and the specific names themselves have been vari()us- 
ly used to designate wild as well as cultivated types. 
It is suggested, therefore, that the continued use of 
the two Linnaean names should be avoided and in 
their place cultivar names, as proposed under the 
current International Rules of Nomenclature of 
Cultivated l^lants, should be used, based mainly on 
ploidy and the contribution made by the two wild 
species M. acuminata and A/, balbisiana. According 
to this view, cultivated banana types may be classed 
under six groujis, each designated by letters which 
indicate their ploidy and genomic composition with 
respect to the two parent species (A for i\l. acuminata 
and B for A/, balbisiana) ; thus, AA and AAA stand 
for diploid and triploid derivatives of A/, acuminata 
and AB, AAB and ABB represent diploid and 
triploid hybrids, the first two having one and the 
third two genomes from A/, halbisiana combined 
with one, two and one genomes of A/, acuminata 
respectively. Somatic mutations have arisen among 
almost all groups of clones mentioned above and 
have further augmented diversification. Many of 
them are cultivated in India and they show varia- 
tions in habit, fruiting behaviour, colour and (piality 
of fruits (Jacob, K. C., lo-ii ; Krishnainurtlii & 
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Seshadri, Indian /. f/or/., 1958, 15, 135 ; Simmonds. 
53-54 ; 58 ). 

A larger number of edible clones are cultivated 
in India than in any other country. The great 
majority of them belong to the section Eumusa ; 
clones Wonging to Anstralimnsa arc practically un- 
represented in India, except M. tcxtilis (Manila 
Hemp) which has been experimentally tried in some 
areas. The edible clones of the Eumusa section culti- 
vated in India numl)er about 34 ; many of them 
(c. 22 ) arc mutants selected and perpetuated for 
certain agricultural and fruit characteristics, and the 
specific, varietal and scientific appellations given to 
many of them require clarification. Some work in 
this direction has been attempted in Madras, 
Bombay and Trinidad. The clones grown in India 
arc mostly diploid and triploid cultivars of groups 
AB, AAB and ABB derived evidently as a result of 
hybridization between M. acuminata types and 
local Af. halbisiana types. In addition, some diploid 


(AA) and triploid (AAA) clones of Af. acuminata 
are also grown, some of them considered as introduc- 
tions from Malaysia. Table 2 summarizes the charac- 
teristics of some of the commercial types grown in 
India and the cultivar groups to which they arc 
assigned (Simmonds, 111-13, 124: Venkataramani, 
Proc\ Indian Acad. Sci., 1946, 23B, 113 ; Jacob, K.C., 
27 -32 ; Gandhi, Poona agric. Coll. Mag., 1955 56, 
46, 27). 

Nendran is ihe leading commercial type grown in 
Kerala, while Virupaks/ii or Sirumalai is the type 
cultivated in lower Palnis. In most parts of Madras, 
West Bengal and Bihar, Poovan or Champa is 
popular and in Maharashtra and Gujarat, Basrai is 
extensively cultivated. Some of these types are sus- 
ceptible to wilt or Panama disease. Very little work 
has been done in India to evolve types resistant to 
Panama disease. In Trinidad and a few other centres, 
attempts have been made to select resistant types 
with desired combination of characters to replace 



FIG. 177. FRUIT BUNCH OF NENDRAN 
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TABLE 2-CIIARACTERISTICS OF SOME COMMERClAl. TYPES OF BANANAS aJLTlVATED IN INDIA* 


Types or clones 

Habit 

F^eaves 

Fruit 

Wt. of bunch 

Remarks 

Cultivar: Siicricr (A A) 

Chin^an, Mallt\ 
Kndali 

Medium size d, 
with light or 
yellowish green 
psciidostem c. 2.5 
m. high, marked 
with large dark 
blotches 

l^inear oblong, 
light green or 
greenish yellow, 
glaucous 

5-ridged, green 

or straw yellow 
when ripe, with 
light cream- 
coloured juicy & 
sweet pulp 

Up to 40 lb. 
with 10-15 
hands 

Fruits not easily 
dropping off ; keep- 
ing quality good ; 
found mainly in the 
West Coast & Kanya- 
k u m a r I District 
(Madra.s) 

(jiliivnr: Dwarf Cavendish 
(AAA) 

Hasrai, Loton, 
Kabuli f Vti'iiankeli, 
racharazhai, 
Pachahale, Kiizhi- 
vazhai, Mauritius, 
lihusaval 

Dwarf or iiiediiim 
sized ; suscepti- 
ble to bunchy 
top and leaf 
spot, immune to 
Panama disease 

Close set, broad 

Large, curved, dull 
yellow or green- 
ish yellow with 
dull white, fairly 
sweet, soft pulp 

45 601b. with 
c. 130 fruits 

Keeping quality not 
particularly giwd ; 
commercially impor- 
tant in Bombay & 
Madras 

Cultivar: Ciant Cavendish 
(AAA) 

Harichal, Pomha\ 
Pedda pacha 
arati, Hou^ali 
jahaji 

Semi-tall, 2.4 3.6 
m. high 

lairge, 1.8 m. 
long X 60 cm. 
broad 

T.ong & big, taper- 
ing to apex, green 
when ripe, with 
cream coloured 
delicious pulp of 
spicy flavour 

c. 60 lb. with 
160 fruits 

Keeps better than 
the previous group ; 
grown in dry dis- 
tricts of Bombay, 
Mailras Andhra 

Pradesh 

(ailli\ar: Red & Green Red 
(AAA) 

Chcukadali, J.al~ 
kel, Vcnkadali, 
Sevvazhai, 

Auupan 

Robust, tall, c. 4.5 
111 . high, mode- 
rately stooling, 
with dark red 
dish violet pseu- 
dosteiii 

Dark green, 2 
long X 85 cm. 
wide 

r,arge, stout, curv- 
ed, .slightly angu- 
lar when young 
with blunt apex ; 
pulp pale yellow, 
firm, fairly sweet, 
attractive fla- 
\our 

40 .SO lb. with 

7 10 hands 

Fairly g<H>d dessert 
(piality ; grown in 
Kerala, Madras A' 
Bonib:iv 

(Cultivar: Mysore (A \H) 

Poova}!, Lai vclchi, 
Champa, Karpura 
chakkarakcli 

Moderately slool- 
ing, tall, c. 4.5 

III. high, with 
light p 11 r p 1 e 
green pseudostem 

T.arge, oblong. 1.8 
m. long X 70 cm. 
wide, dark green 
above 

Medium .••i/e, 
sub-cylindrical, 
slightly curved, 
orange-yellow 
with cream- 

coloured pulp 

c. 50 lb. with 
10 .20 hands 

Good de.ssert (fiia- 
lity ; grow'ii in Mad- 
ras, Aiidhra Pra- 
desh. West Bengal 
A' Bihar 

Cultivar: Silk (AAB) 

Rasthali, MuthvU, 
Morlhoman, Marta- 
ban, MaWhn^, 
Sabari, Sankcl, 

Ha ^a hale, 

. 1 inrilhapiini 

Moderately stool- 
ing, tall, c. 3.3 
m. high, with 
dark green stout 
pseudostem 

Elliptic, 2 111 . long 

X 70 cm. wide, 
green above Ik 
light green A' 
glaucous below 

Medium size, 
siib-cylinilrical 

4 angled, straw 
vellow with dull 
white pulp be- 
coming treamy 
white on ripen- 
ing, delicious 
taste & inviting 
ll.ivoiir 

40 lb. with 
10 12 hands 

(iood <les.seii quality ; 
grown in Bengal, 
Mysore A Madras 

('uhiv.'ir: Vreiuh IMaiitain 
(AAR) 

V endra n , Ra jeli, 
F.thakai, Myndoli 

Robust, tall, c. 3.3 
m. high, freely 
stooling : p s e u- 
d o s t e 111 pale 

green with dark 
brown patches 

Green above, glau- 
cous below, 2 m. 
long X 72 c m. 
wide 

I,arge, 25 cm. 
long X 3.75 cm. 
diam., slightly 
curved, 3-sided, 
angular, yellow 
when young 
turning black on 
ripening ; pulp 
salmon-yellow. 

.30 lb. with 

8 hands 

(iood des.sert A cmik- 
ing quality, special- 
ly suitable for 

chips : grown in 

coastal Kerala A 
Bombay 


firm, clastic, 
with conspicu- 
ously sweet core 


454 



P\. XIV 



Imlifili (’nun. /\f.s., .V<*^ nvUii 

MUSA < I'ARADISIACA — FRUITS OF DIFFERENT CLONES 
I. I’lmvan 2. Lai Kvl Hasrai Moiiilian 








MUSA 


TABi.u 2 — contd. 


Types or clones 

JIabit 

I. eaves 

Fruit 

Wt. of bunch 

Hemarks 

CtiUivar: I’oine (AAK) 
Virupakshi, 
Sirumahti, 

Vamum, 

Malavttzhai, 

Dacca martahan 

Tall, sloui, 4.2 4.8 
111. high 

f.argc, oblong, 
yellowish green 

Uiie(|iially 5-Kidcd, 
b ridged, yellow- 
ish when ripe 
turning d a r k 
when very ripe ; 
pulp cream co 
loured, often dry, 
.sweet, with good 
flavour 

20 25 1b. with 

6 K hands 

(Jood dessert f|uality ; 
ixipiilar in the west 
coast & in Madras, 
mostly grown in 
higher elevations up 
to 1,500 111 . 

Cullbar: Ncy Poovaii (AB) 
Ncy pnovati, 

Safed vclchi, 

Soncri, 

Dcvabalc, 

Puttuhalc 

Tall, sk'iulcr, c. 4 
111 . high, sparsely 
stooling, with 
light green pscu- 
(losteni 

Linear oblong, c. 

2 111 . long X 60 
cm. broad, light 
green above & 
glaucous below 

Small to mediimi, 
slender, sub- 
cylindrical ; 
slightly curveil, 
shining yellow, 
with while, sweet 
pulp of cottony 
texture 

34 lb. wiili 

16 IS hands 

Su|>crior table fruit 
with good keeping 
ipiality : grown in 
Bombay, Mysore dc 
Krr.'ila 

Ciiltivar: UluKRoe (ABB) 

Monthan, ttanket, 

Khasadia, 

Kanchkala, 

A tadh nran^abalc 

Kobustp tall, r. 
4..S ni. high, 
freely stooling, 
with parrot -green 
pscufioslciii 

Dark green, cor- 
date at b;ise, 2.25 
111 . king X 60 cm. 
wide 

Medium to large, 
sharply angular, 

3 5-sided, 
slightly curved, 
greenish yelUiw 
to straw-yellow 
colour ; I'lilp 
ireaniy white, 
soft, sweetish 
with acid flavour 

40 5f) lb. wiih 

7 S hands 

Primarily used for 
cooking ; grown in 
Kerala, Madras, 
parts of Ikiigal, 
Bombav, Bihar &c 
As.sam 

C:ulli> Pisangawak (ABB) 

Kostha bout ha, 

Pry knnnan, 

Manuva kola 

Tall, stout, 2.7 in. 
higli, with light 
green pseudos- 

teni tinged with 
|)iirplc 

Linear oblong, 
glaucous below, 
1.9 111 . long X 70 
cm. wide 

Fruits compact, 
turned towards 
ba.se, terete with 

4 ridges, yellow 
when ripe, with 
<Teain-coloured 

8-12 hands 
with c. 100 
120 fruits 

Bunches adapted for 
easy handling in 
transport ; grown in 
Madras, Kerala, 

Andhra A A.ssani 


juic y & sweet 
IHlIp 

* jaeob, K. 37 133; Simiuuiuls, 76 126. 


Gro.v Michel, Lacalau and Dwarf Cavendish, which 
arc popular commercial types. In Madras, some 
Ityhridi/.ation work has been done, involving crossing 
of clones within Euwusa section and herween clones 
of Einnusa and tliosc of Callimusa section. Hybrids 
between Monthan and M. coccinea sliow some 
improvement over the parents in the number of 
fruiting hands and length of fingers ; the hybrids 
produce vigorous suckers (Shetty, Madras agne, /., 
1950, 37 , 145 ; Nair, ibid., 1953, 40 , 420 ; Siindararaj 
el al., ibid., 1957, ^ ^1 » Naik et al., S, Indian Hort., 
1959, 7 , 3 : Simmonds, 410). 

CULIIVATION 

Bananas occupy among tropical fruits a position 
comparable to that of apples among temperate 
fruits. They are grown over wide areas throughout 
the tropics, from 30° N to 30° S of the ctpiator. The 


major banana-growing regions of the world are: the 
Caribbean Islands, the central American countries, 
Ecuador, Colombia and Brazil in S. America, the 
C^anary Islands, Cameroons, Ivory Coast, Ruanda 
Urundi, Congo and Tanganyika in Africa, India, 
Pakistan, Malaya, Indonesia and Philippines in Asia 
and a number of Polynesian Islands in the Pacific 
(Table 3). In India, the area under banana cultiva- 
tion has been estimated at 383 .(xk> acres ; two-thirds 
of this area lies in Kerala, Madras, Mysore and 
Bombay. Table 4 summarizes the available data on 
the area and production of bananas in various 
Indian States (van Royen, I, 139 ; Simmonds, 13 1, 
282 : von Loesecke, 1949, i3-t5)- 

Climate & Soil— The banana plant is cultivated 
mostly in the tropical belt situated within the 6o®F. 
isotherms north and south of the eepjator. In India, 
the most satisfactory conditions for its cultivation 
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IX\A.R., ,Vr:r I hi hi 
riG. i7«. f Run liUNcii or harichai. 


aru lomul alonj; rlic coastal iv»;i()ns oT Kerala, 
Madras, Bombay and West Bengal. In all these areas 
and to a certain cxicnt in rhc' hill slopes of lower 
Balnis, Shevaroys. Wynaad and Nilgiris in Soutli 
India and in Assam up to 800 m., hanana is grown 
as a rain fed croj). In other parts of India, it is grown 
under irrigation, particularly during Deeeinhcr- 
Mareh. A welhdisirihiiled rainfall of 175-250 cm. 
per annum is hest for its cultivation, though ir is able 
to withstand heavy rainfall of 580 cm. or more per 
annum. The limiting factors with regard to its large 
scale cidtivation in scNcral parts of North India and 
in soim- interior areas of the Deccan are the |)rc)long- 
c‘d dry season recjuiring frecpicnt irrigation, hot 
winds in summer and cool winters, with the possi- 
bility of frosts (Simmonds, 129: C'hecma rl c//., 11 : 
Naik, 274 : (Gandhi. AV/n?/ /h///., hidimi Conn, nirric. 
R(’s., No. 22, 1957) 


The plant grows hest in rich well-drained soil with 
ample moisture and decaying organic, matter. It can 
nourish also on light sandy or gravelly soil as well 
as on stiff, hut well-drained clays, if the soil is fertile 
and facilities for irrigation are available. In some 
districts of Madras, it is grown in paddy fields. In 
the vast silt deposited, high level paduffa lands of 
Cauvery delta, hanana flourishes well and crops 
for a hundred years or more (Cheema cl (d., 9 ; 
Naik, 275; Hayes, 235: Yegna Narayan Aiyer, 
2S5 86 ; (handhi, loc. cit. ; Gopalan Nair, Banana 
in India. Rev. Scr., Indian Conn, auric. Res.. No. 21, 

Preparatory tdla^re 'I'he soil is well dug or deeply 
tilled before |)lanting though in the deltaic areas of 
Andhra Pradesh, planting is done without any 
|)reparatory tillage. In high level areas, terraces arc 
made and [)lanting is done in pits. If the soil 
is not rich, manuring at the time of planting is 
desirable (20-30 cartloads of farmyard manure/acre) 
and, if circumstances permit, green manuring is 
irc'ommendcd both for heavy and light soils 
(C'heema et al.. 12: Naik, 296: (^>palan Nair, 
loc. cit.). 


TABI \i 3-At;RI-AGE 8C PRODUCTION 01 BANANA IN Till: 
MAJOR PRODUCING COUNI RII-S' 


OOoiniiia 

Area.}. 

(thousand 

acres) 

1,700'' 

Production', 

(thousand 

tons) 

l,S00''.'i 

Mx|)ort^ 

(thousand 

tons) 

224 

bra/.il 

550 

4.7<10 

215 

Kciiador* * 

C»50' 

2.000 

658 

Ruanda I'niiidi 

450 

1 ,‘170 


tlouKof 

650 

l,75.i 

56 

Tanganyika 

500 

l,20tl 

. . 

India 

.is.v- 

1.972'‘ 


Pakistan 

100 

5<1<I 


Piiili])pincs 

420 

.11 1 


Honduras 

170 

855 

560 

Costa Rica 

40 

540a 

505 

Panama 

.15-- 

475'- 

285 

Fr. Kcpiaiorial Africa 

150 

700 


Kr. Caineroons 

240' 

470 

S4 

I\or\' ('.oast /(fiiinca 

170 

400 

106 

Canary Islands 

20 

279 

2.5.1 

Jamaica 

100 

202'* 

146 


* Fruit, C'oininoii wealth Kcon. (loinin., 19611, 98, Tabic S.i ; 102, 
Cable 84. 

**I)ata periait) to bananas; •fincliulcs bananas and plantains; 
t batest available data; ^ Data for 1957. 

■'M)ata for 1956; i>Area includes mixed ndlivalion ; Includes 
bananas and plantains; Data fur plantains; '‘Data for 1958-59. 
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TABLE 4— ACREAGE K PRODUCTION OF BANANAS IN VARIOUS STATES IN INDIA" 

Arra (acri's) I'rtidiK litiii (Inns) 



Pi.sh 57 

|057 5« 

195S 59 

1950 57 

1957 .SS 

1 95S -59 

Kerala 

1 ir),.^()5 

1 10..t05 

1 10,505 

511,790 

511.790 

51 1.790 

Madias 

77,4Sf) 

7 4, OS 7 

74,500 

551,400 

010,129 

55l,tlS0 

My sure 

4l,ssn 

5S,005 

59.04. > 

7 ^.109 

00,7 IS 

70,015 

Itoinhay 

59,000 

59,000 

.w.ooo 

.>00,509 

500,.i09 

500, .409 

Assam 

51,950 

22,750 

50.500 

57,0 s5 

7.>,I05 

244,420 

Hiliaii 

;.o,ooo 

20,000 

20,000 

100,000 

100,000 

100,000 

West lU'M^al 

IS, 700 

IS,700 
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72 
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S5 
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PropagaiXijn Portions of uiKlcrgrouiul liihcroiis 
stems or rliizomes and suckers formed from them 
are used for planting. Two kinds of suckers arc 
produced: sword suckers with stout base, tapering 
top, and narrow and small leaves, and water suckers 
produced when the rhizome is diseased or injured or 
when conditions for sucker production arc unfavour- 
able. Sword suckers less than 90 cm. high, selected 
from healthy and mature plants are preferred for 
|)lanting ; larger suckers fruit early hut the fruit 
l)unches produced are generally small. Suckers arc 
scparateil from the mother rhizome and planted 
after pruning damaged parts : often tltey arc harden- 
ed by storing in shade for 4-5 days. Tn some areas, 
suckers arc headed hack before or after planting ; 
they arc sometimes dipped in a thick slush of cow- 
dung ami water and smeared with wood ash. In 
Kerala, suckers of Ncndran banana arc treated 
similarly, dried in the sun for a day or two and 
stored for a week before planting. In the case of 
Basrai, the parent plant is ctit down after harvesting 
the fruits, and suckers encouragefl to grow for some 
time. They are then dug out, roots and |)seudostems 
removed and the resulting bulbs stored for two 
months before planting (Cheema ct al., 13 : Sim- 
monds, 161-62 : Jacob, K.C., 141 ; Gandhi, loc. cit. ; 
Gopalan Nair, loc. cit. : Uhan & Mazumdar, Indian 
/. Hurt., 1956, 13 , 14 1). 


Planting — Suckers or rhizome material are general- 
ly planted in pits, 45 cm.x45 cm. X45 cm., dug at 
regular intervals. In wet land areas, suckers are some- 
times planted on raised mounds. Planting on ridges 
with trenches on either side at a distance of 90 cm. 
is recommended in heavy soils. The spacing between 
plants depends largely on the type planted and the 
fertility of the .soil. Dwarf types like Basrai are 
planted i. 5-2.0 m. apart which allows i,2(K)-i,7oo 
plants per acre, while tall types are planted 2.7- 
3.0 m. apart which gives 450 -55(? plants to the acre 
(Naik, 296 : Hayes, 234-35 ; Gandhi, loc. cit. ; 
Gopalan Nair, loc. cit.). 

The time of planting varies in different parts of 
the country. In Madras, Poovati is planted in two or 
three seasons to ensure crops during the greater part 
of the year. In the perennial plantations of Tanjore, 
the planting period extends from January to June 
and on lower Palnis and Sirumalai hills, planting is 
done in April. The planting period on the west 
coast is September to November, thougli in other 
areas of S. India planting starts at the break of 
monsoon in June and continues till November ; in 
Kerala, Ncndran is planted in December. In Thana 
district of Bombay with its more etpiahle and moist 
coastal climate, planting is done in April, June, 
August or October. Basrai type is usually planted at 
the beginning of the monsoon in June in Deccan, 
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Marathawada, Viclarbha, parts of Gujarat and inland 
Saurashtra : planting in February has been recom- 
mended in some areas, since the fruits would be 
ready for harvest in the off-season and command a 
good price in the market |Naik, 295 ; Cheema cl ai, 
Gandhi, loc. cit. ; Gaitonde, Farmer, 1956, 
7 ( 8 ), 771 - 

Banana may l)c grown alone or as a mixed crop 
along with mango and jack. In Kerala, it is often 
grown in rotation with tapioca, followed by a cucur- 
hitaceous crop. On the slopes of lower Palnis, hilly 
districts of northern Mysore and the plains between 
western ghats and the sea, banana is grown as 
a perennial crop often mixed with coconut, arecanut, 
mango and jack. It is also raised as a nurse or inter- 
crop in young coconut or coffee plantations and con- 
tinued for 3-4 years, during which period the plants 
afford shade to young crops ; it is often preferred as 
an inter-crop in young coconut plantations, since it 
is said to consolidate the soil and the heavy manure 
it receives henelits the young palms (Gandhi, loc. 
cit. : Cheema vt al., 22 : Yegna Narayan Aiyar, 287 ; 
Rao, Andhra agrk\ /., 1957. 4 , 73). 

Depending upon the richness of the soil, nature 
of cultivation and the banana type cultivated, planta- 
tions may continue to be productive for 1-5 genera- 
tions. In some deltaic areas of (»odavari and 
Cauvery, banana plantations remain productive for 
as many as 50- kx) years. Lai kel, Basrai and 
Nendran are grown for only one generation (Gandhi, 
loc. cit.). 

Manuriti^ The banana plant is a heavy .surface 
feeder and recpiires plenty of nutrients for its vigor- 
ous growth. It has been estimated that an acre of 
banana plantation yielding 50, (xx) lb. of fruits 
recpiires c. 300 lb. of nitrogen (N), 150 lb. of phos- 
phoric acid (P2O.) and icx) lb. of potash (K.^O). 
Nitrogen inlluenccs the growth of .shoots and leaves, 
and the number of fruits per bunch : phosphoric 
acid stimulates the root system, but in excess it slows 
down the growth of leaves and fruits ; potash influ- 
ences the development of the pseudostem and 
increases the number of hands per bunch : it also 
improves resistance to diseases [Cheema ct al., 15 ; 
Hayes, 23b : Naik, 299; Katyal & Chadha, Fertiliser 
Nezes, 1961, 6(1), 16]. 

Farmyard manure or compost is usually applied 
to the soil during preparatory tillage, while oilcakes 
and artificial fertilizers arc applied as top dressing 
to individual plants during the first 6 months after 
planting. Manurial practices in different banana- 


growdng areas of India vary according to the soil, 
type cultivated, climatic conditions and availal/ility 
of manures. In the deltaic areas, silt from the bottom 
of channels is applied. As a top dressing, groundnut 
cake is commonly employed after the monso()n in 
Madras while in Bombay, castor cake is popular : 
mustard cake is used in W. Bengal. In some of the 
coastal areas in Bombay, fish meal is used along with 
other organic manures. Inorganic fertilizers, includ- 
ing ammonium sulphate, superphosphate and pota.s- 
sium sulphate, are used in many areas, often in com- 
bination with organic manures, (h)od results have 
been reported in Bombay by the application of a 
mixed fertilizer containing: castor cake, bo 73 
parts ; ammonium .sulphate, 22 parts : potassium 
sulphate, 9-10 parts: and superphosphate, 10 ii 
parts, at the rate of 7-8 Ib./stool and at intervals 
of one month for a period of 3-4 months. In the 
Cauvery delta, the practice is to apply 2 cwt. of 
ammonium sulphate per acre about 2 months after 
planting, follow'cd by i,<x3o lb. of groundnut cake 
and 2 cwt. of ammonium sulphate in the fifth or 
sixth month (Cheema et ah, 15 ; Gandhi, loc. cit. ; 
Gopalan Nair, loc. cit. : Naik, 300 : Katyal & 
Chadha, loc. cit.). 

Irrigation — ^'fhe large leaves of the banana plant 
transpire a considerable amount of waiter and fre- 
(|uent and heavy irrigations arc needed, particularly 
during dry periods, to keep the plants healthy and 
vigorous. A soaking irrigation is usually given imme- 
diately after planting and further irrigations at 
intervals ranging from 4-b days to 15-20 days, 
depending upon climatic and soil conditions of the 
area as well as the vigour of the type cultivated. 
Basrai banana rc(|uircs a total of 40 45 irrigations 
during a period of 18 months in Poona, whereas in 
N. Gujarat and K. Khande.sb, it needs as many as 
80-90 irrigations. Irrigation is generally given 
through channels, furrows or by flooding basins or 
beds around each plant. Ridge planting has proved 
j>articularly advantageous for irrigation purposes, 
although a large tpiantity of water is re(|uired 
(Hayes, 235 ; Naik, 298; Cheema et ai, 20 ; Gandhi, 
loc. cit.). 

Post-planting operr/Z/oz/.s'— Weeding is an impor- 
tant operation in banana plantations till the plants 
grow up. Cover cropping with sunn hemp is recom- 
mended in heavy rainfall areas near the west coast : 
the cover crop can be sown at the .same time as 
bananas and pulled out after six weeks and used for 
green manuring. 


459 



MUSA 


In localities subject to strong winds or cold waves 
and frosts, it is advisable to grow a hedge of closely 
planted trees of tall babit. When frost is imminent, 
tbe bumidity inside tbc plantation is kept high by 
Hooding. In Bombay and in a few other States, 
banana types, particularly those propagated from 
small bulbs and planted shallow are periodically 
earthed up as a })roicction against wind damage. 
Where suckers are planted fairly deep, earthing up 
is recpiired for protecting sucker crops of the subsc- 
(juenr generation, in some areas, plants may need 
propping up with wooden crutches to prevent 
damage bv winds, particularly when tbe fruit bunch 
develops and tbe plant becomes top heavy. In areas 
w'berc damage due to sun burn is feared, tbe lower 
half-dried leaves are left as they are and bunches are 
covered with dried leaves ; leaf blades of completely 
dead leaves are pruned leaving only sheaths to cover 
tbe trunk jCheema rt nl., i>2o: Naik, 302-03: 
Gandhi, loc. cit. : Pbadnis (iopalakrisbna, Indian 
llort,, i 957 - 5 ^\ 2 ( 2 ), 2S|. 

As suckers compete with tbe mother plant for 
available nutrients in tbe soil, their number and 
tlevelopmenr are usually regulated. Suckers com- 
mence to a|)pcar from about tbe third month of 
planting; they are removed as they appear and only 
one or two alkwved to grow w'ben the parent plant 
commences liowering. Desuckering is done in such 
a way, often with a special type of crow'bar, that tbe 
bulb of the mother plant is not unduly damaged 
(Gandhi, loc. cit. ; Gopalan Nair, loc. cit. : Naik, 
3‘H)- 

When tbc bunches have been fully formed, tbe 
bud (Krlpliul) containing infertile flowers is cut oil, 
a few inches beyond tbe last fruit cluster. Tbe 
removal of tbe bud is reported to iticrease tbe w'eigbt 
of tbe fruit bunch. Growing bunches are covered 
with baskets of plaited coconut leaves in Kerala to 
prorecr them against weather and to impart an 
attractive light green colour. The bunches may be 
completely covereil by bags, as is tbe practice in 
Queensland, to afford |)rorcction against frost, cold 
winds, scorching beat, dust and birds (Naik, 305 ; 
Gopalan Nair, loc. cit. ; Simmonds, 189). 

Diseases— The most serious and widespread 
disease of banana is Panama disease or wilt, caused 
by Fnsarinni oxyspornm Scblecbt. var. cuhetisc (E.F. 
Smith) Wollenw. Among tbe types cultivated in 
Madras, Poovan, Rasthali and Sirumalai are reported 
to be susceptible to the di.sease. Sonkel grown in 
Bombay is also susceptible ; it has been now replaced 


by Basrai which is immune to the disease. In Bibar, 
tbe type Malhhog is reported to be highly suscep- 
tible, whereas Kothia and Banner are resistant. The 
disea.se causes wilting or drying up of leaves and^ 
longitudinal splits on psciidostem and interferes with 
fruit development : the rhizome is affected and so 
are tbc suckers arising from it. Tbc disease is attri- 
buted to tbe presence of high subsoil water table 
or waterlogging conditions. As control measures, 
diseased plants should be pulled out and destroyed 
and tbe .soil removed during tbe uprooting o|)eration 
should be treated with (|uicklime. Keplanting should 
not be ( arried out on infested soils for a few years 
and suckers from non-infected areas and preferably 
from non-su.sceplible types should be selected for 
replanting. Mooding tbe soil under 3 cm. of water 
for 45 days and application of lime (1 ton |)er acre) 
are stated to kill the |)atbogen in tbe soil j(iandbi, 
loc. cit.: Jacob, K. C.., 130: Simmonds, 367 78; 
Gbeema et al., 33 : Roy & Sbarma, Indian /. Horl., 
1932, 9(4), 39 : Bartbakur & Baruab. Prne. Indian Sci. 
Con^r., 1933, pt III, 73 : Ramakrisbnan cS: Damo- 
daran, Proc. Indian Acad. Sci., 193b, 43 B, 213]. 

Leaf spot (Sigatoka disea.se) caused bv Cerenspora 
viusae 7AVW\\\.~M\ensphaerella tnnsicida Leach is 
a serious disease of banana in tbe tropics. It is 
reported to be prevalent in Bib;tr, Bengal and 
Madras. 'Hie fungus is specific to banana atid causes 
faint yellowish spots on leaves ; in severe cases fruit 
development is affected. Preventive methods include 
spraying with Bordeaux mixture and removing 
affected leaves. Spraying with oil has given satis- 
factory results in other countries. Some clones are 
reported to be resistant to tbe disea.se (Roy Sbarma, 
loc. cit. : Simmonds, (^4 ; Brooks, 209). 

. A leaf disease caused by Hehninthnspnriinn s|). 
has been reported from Bengal. Tbe infection starts 
near tbe margin of tbe leaf, giving rise to a pale 
brow'ii spot surrounded by a bright yellow'isb zone 
of drying tissue : the infection spreads to tbe midrib 
and then to tbe pseudostem which begins to rot. 
Removal and destruction of infected parts in the 
early stages followed by two prophylactic sprays with 
Bordeaux mixture arc recomtnended (Padmanabban, 
Sci. & Cult., 1(747-48, 13 , 30(9). 

A rot of the p.scudosrem catised by Sclerotium 
rolfsii Sacc. has been reported on Rasabale and 
Madhurangahalc from .some districts of Mysore. The 
growth of the plant is retarded : the pseudostem 
splits longitudinally at the base and leaves turn 
yellow, droop and dry up. The di.sease is spread by 
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sclerolia which drop to the groiiiul and remain 
viable for a long time in the soil. Application of 
Bordeaux paste to the base of the pseiidostem gives 
effective control. Infected leaf sheaths should he 
removed early and before sclerotia are shed 
(Venkatakrishnaiah, Mysore agric. 1946 47, 

25 , 68). 

Pseiidostem rot, main stalk rot and anthracnose 
rot are caused by (Uocosfyoriuoi viusarum Cooke & 
Massee or Bolr\odiploi(lia llicobrooiuc Par. The first 
disease affects newly planted suckers : pseudostems 
turn black and decay. C.onirol is alforded by pulling 
out affected jilants, dipping rhi/omes in copper 
sulphate solution for ten minutes, and replanting. 
Sun scorch during winter is a predisposing factor for 
main stalk rot disease and covering of exposed fruit 
stalk and hunch with dry banana leaves affords pro- 
tection ; rot in developing fruits c;ui he controlled by 
spraying with Burgandy or Bordeaux mixture once a 
month. Amhracno.se rot in stored fruits can he 
checked by lareful handling of fruits and suitable 
fungicidal treattnents |l)astur, Agric, /. India, 1916, 
II, 142: Simmonds, 243 44 ; Jain, Nagf^nr agric. 
C.oll. Mag., 1950 51, 25 (i), ^^5: Cheema ct al., 
(Uandlii, loc. cit. : Chona, Indian J. agric. Sci., 19 

3, 6731. 

Bunchy to|) is a virus disease of banana trans- 
mitted to healthy plants by the aphid PoilaUniia 
nigronrrvosa (^.o(|. It is prevalent in Kerala and 
Assam, and is reported to he sjireading to Bombay : 
it is also prevalent in a lew other parts of India. 'Phe 
virus is systemic in the plant and alfects suckers. 
Diseased plants remain stunted and leaves are 
hunched together to form a rosette at the top. Most 
banana types are susceptible to the disea.se. Methods 
of control include: removal and burial or burning 
of affected platits and prohibiting by law the move- 
ment of planting material from diseased areas to 
healthy ones. A virus disease causing heart -rot has 
been reported from Bihar. Affected leaves have a 
mosaic-like appearance ; the virus spreads to the 
heart leaf and even the conn may get affected 
Control measures recommended for bunchy toji are 
also effective against heart-rot (Gandhi, loc. cit. ; Roy 
& Sharma, loc. cit.: 7 )c/). Res., Ihiiv. 

Travancorc, 1939-46, 98 : Richards, Trap. Agrlcnl- 
tiirist, 1951, 107 , 229; Jacob, K. C., 148). 

Pests — Over 180 insects, 7 mites and 6 eel worms 
are reported to attack banana. Only half a do/en of 
them cau.se any .serious damage to crops in India. 
Banana weevil or borer, Cosniopolltes sordidus 


(ierm., is the most wide-spread among them. The 
grubs bore into the rhi/.ome and destroy tissues: 
the |)lant .sometimes falls down. Old conns of the 
stool serve as breeding ground for the pest and 20 30 
grubs may he found in the same stool. 'Phe adult 
weevil is found in the soil and deposits eggs in decay- 
ing leaf bases or on the crown of the corm. C'ontrol 
measures include destruction of infected pseudo- 
stems and conns, and using only suckers free from 
infestation for planting. Borers may be trapped by 
cutting across the stump of the harvested |).seud()- 
stem at grounii level and rej)laiing the severed 
portion in the original position when borers collect 
between (tit surfaces. Foi.son baits containing Paris 
green mixed with Hour may be used to kill beetles. 
Application of dry Dieldrin mixed with gypsum 
|)owder (or fertilizer) around the base of clump 
affords elfeciive control (Simmonds, 335-63 : Roy 
Sharma, loc. cit. : Sen iN: Prasad. Indian J. Knt., 1953. 
15 , 240: Trap. Ahsir., 1958, 13 , 703). 

Banana stems are sometimes riddled by grubs of 
Odoiporns lofigicoUis Oil. Adult as well as immature 
forms occur in leaf sbeatbs all the year round. 'Phe 
pest is controlled by removing infestetl plants and 
burning |Lal. Agric. Anini. Hash., lUlar Pradesh, 

KJJO. 1(4), 3o|. 

A chrysomelid beetle, Nodoslonia riridipeiniis 
Mot sell., is reported to attack leaves and also fruits 
in Bibar. Spraying with Pyrocolloid and (hiesarol 
550 is recommended as a control measure (Roy tV 
Sbarma, loc. cit. ; Sen Prasad, loc. cit.). 

Harvesting Depending u|)on the .season of plant- 
ing, cultural conditions, ty|)e of banana and size of 
suckers used, the inllorcscence appears S-iS months 
after planting. January plantings are said to llower 
latir than June plantings. Phe time taken from 
Howering to harvesting of fruits in South India is 
80-110 days for early tyj)es, 120 150 days for 
medium types and 150-170 days for late tv|X‘s. 
Under intensive cultivation in Kirala, Neiidran 
banana can be harvested within nine months 
of planting (Yegna Narayan Aiyer, 290 ; Naik. 

'Phe bunches are ready bn* harvest when fruits 
become plump and attain a light green colour : at 
this stage they give a characteristic sound when 
struck with the knuckle and dried lloral ends drop 
olf with the slightest touch of the hand. 'Phe lime 
taken for attaining full maturity has been worked 
out for .several types, and as the dale of .setting of 
the bunch is known, the time of harvesting can be 
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readily calculated ; in some countries, the date of 
emergence of the fruit is stamped on the l)unch. The 
hunches are cut. along with a piece of stalk 45-60 cm. 
in length to facilitate handling. The parent plant is 
usually removed soon after harvesting, but the 
practice known as “mattocking’’ where the parent 
pseudostem is retained for a month and then cut 
down to ground level is said to he beneficial to the 
development of followers (suckers) which yield 
bumper hunches (Yegna Narayan Aiyer. 290 ; 
(sandhi, loc. cit. ; Simmonds, 190 ; Nayar ct al., 
ludian ]. Hart,, *956, 13 , 210). 

Though banana plants bear fruit all the year round 
there are certain periods in the year which can he 
regarded as the harvesting season when supjdies of 
fruit to the markets are at their peak. Speaking 
generally, the harvesting season is August-Decem- 
her. In Mysore, bananas are available throughout 
the year except the month of July. Heavy harvests 
arc obtained from October t(^ April in Madras, from 
June to September in Travaiicorc and from Septem- 
ber to I'ebruary in Bombay, while in Assam, the 
harvesting season extends from May to September 
with a peak in june-fuly (Agric. Marketing India, 
Marketing Bananas, Marketing .S.t., No. 49, 
*945» 6-7). 

Yield — In terms of both harvest weight (4-8 tons/ 
acre) and calorics (2.8-5.6 million calories/acre), the 
yield of banana per acre ranks higher than that of 
many other tropical fruit crops. The yield is calcu- 
lated on the basis of the number of bunches harvest- 
ed per acre and also the number of bauds and lingers 
borne on each bunch. Some icx) types of banana are 
grown in ('oimbatore and among them Poovan con- 
tains the largest number of fruits (180 fruits) per 
bunch, while Myndoli gives the highest crop yield, 
viz. 57 lb. per plant. Ncndran yields 30 50 fruits per 
bunch, the estimated acre yield being 700 bunches. 
In Tiruchirapalli the yield per acre of Poovan is 
estimated at 1,000 hunches in the first year. 800 in 
the second and 700 in the third, each hunch weigh- 
ing 25-4() lb. The average yield of Rasrai per acre 
in Bombay is 450-500 md.. and may reach 700- 
750 md. under favourable conditions. Jn the peren- 
nial paduga plantations in Tanjorc, the yields report- 
ed are: Poovan, 375-5(k) md. : V amankeli, 3(k) md. ; 
and Monthan and Rastliali, 250 md./acre \Fruit, 
C\)mmonwealth Econ. Comm., i960. 97 : Massal & 
Barrau, 17 ; Rep, Marketing Bananas, 1945, 5 ; Naik, 
305--06 ; Phadnis & Copalkrishna, Farmer, 1957, 
8(9), 33 ; Gandhi, lf)c. cit.|. 


Bananas arc not allowed to ripen on the plant, but 
are ripened after harvesting. In India, ripening is 
effected usually by smoking. In Madras and Bombay, 
the bunches or hamls are heaped in a closed room 
and covered with plantain leaves ; cowdung cake is 
lit in one corner of the room and smoking continu- 
ed for 36-48 hours when the colour of the fruit 
changes from green to faint greenish yellow ; 
bunches are then stored in well ventilated godowns 
where they ripen to a perfect yellow in 2-3 days. In 
some places, a mud plaster is applied over the heap 
and fire lit in a mud pot placed below the heap so 
that smoke and moist heat spread through the 
layers of fruit. In Nilgiris and in Bihar, bananas are 
smoked in underground pits. In Assam, bunches arc 
ripened cither by exposing them to the sun or over 
a hearth or by storing in paddy godowns. Application 
of vaseline to the cut end of the stalk not only 
protects the bunch from infection but also favours 
early ripening of fruit with a uniform and attractive 
colour (Gandhi, loc. cit. : Rep. Marketing Bananas, 
1945, 20-21 ; Naik, 306). 

The practice in America and Europe is to ripen 
fruits in specially constructed chambers in which 
heating and ventilation arc controlled. Fruits are 
ripened for 12-24 60 68°K. in summer and 

7o- 75°F. in winter and the temperature then reduced 
to 6o-62°F. Ethylene is often used to accelerate 
ripening (Wardlaw, Trop. Agriculture, Trin., 1937. 
14 , 70 ; von Locseckc, 1949, 45-49 : Simmonds, 217). 

Bananas ripened by smoking or heating in closed 
chambers are not so sweet as those ripened slowly 
over a period of a week or two at 60-70°!^'. under 
cold storage. I'ruits ripened under cold storage do 
not show freckling or black spots wliich are commcui 
in fruits ripened by smoking (Gandhi, loc. cit.). 

Under cold storage (68° F.) freshly harvested 
Basrai Takes 3 weeks to ripen and Mutlieli or Rastliali 
takes 2 weeks. Sirumalai and Karpura cliakkarakeli 
take 3-5 weeks for ripening at 56° F. : Basrai gets 
chilled and spoiled at 56°F. (Karmarkar & Joshi, 
Indian Ftng, 1940, 1 , 173 : Mem. Dep. Agrie. Madras, 
No. 36, 1954, 357 : Gandhi, loc. cit.). 

Storage — Optimum conditions for the storage of 
Dzvarf Cavendish are 52 56°F. and R.H. 85-90%, the 
approximate storage life being 22 days ; Gros Michel 
is not affected by chilling to 52^". no matter how 
rapidly the temperature is lowered, provided the 
temperature of the delivery air is not below 52°F. 
Chilled bananas do not soften normally and develop 
darkened areas and unpleasant flavours. Refrigerated 
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gas storage in an atmosphere of (;% carbon 
dioxide and 5-7% oxygen and removal of volatiles 
by an alkaline solution of potassium permanganate 
is said to increase storage life. Waxing of fruits with 
a mixture of waxes like Cerenuil retards ripening as 
well as shrinkage (Kirpal Singh & Mathur, Bull, 
ccfit. Fd tcclinol. Res. Inst., Mysore, 1952-53, 2 , 307 ; 
Wardlaw, loc. cit. : Chandler, 414-16 : Re[). Market- 
in(r Bananas, 1945, 29; Kapur & Hall, Rroc. Indian 
Sci. Congr., 1956, pt III, 402 ; von I.oesccke, 1949, 
55 - 59 )- 

UriLIZAriON AM) C^OMPOSlllON 

Banana is one of the most imporiant fruit and 
vegetable crops of India. Not only is it cultivated on 
a large .scale as a lield crop hut it is also widely grown 
as a backyard crop in households. In certain parts 
of Kerala, in many Pacific Islands and in tropical 
Africa, banana forms a staple food of the people. 
Fresh fruit is eaten as des.scrt, while iitiripe fruit and 
fruit from cooking types are eaten as vegetable. Fruit 
pulp is dried and processed into Hour or preserved 
in many forms for suhsc(|uent use. Fruits are used in 
various Indian confections like rasayanani and 
panchamrutam, sugar-coated chips. tolVee, coffee sub- 
stitutes, jams and jellies. It is also canned (Jacob, 

TABI.K 5— CHFMICAL COMPOSITION OF THE Pt 


Type 

I.o<ality 

Kdlblc 

matter 

11 ' 

Moisture 

Lah'ch'hi 

bomba yt 

S5.1 

74.7 

t*oovnn 

S. Imli.i* 

77.S 

7.;.K 

Ihisrai 

Bombay t 


75.1 

Vamankcli 

S. India* 

71.7 

7S.5 

tttiricfnil 

Bombay ! 

7 V > 

7.>..^ 

Pcridtt pacha arati S. Iiuli.'i* 

7o.5 

7.^..; 

Muthrli 

Bombay^ 

SI.S 

71.2 

nas,tha!i 

S. India* 

S-t.d 

71.5 

Safcfl I'clchi 

Bonit)ay'f^ 

SO..S 

f>.S.9 

Nc\ pooran 

S. India* 

‘U.s 

65.9 

Lai kcl 

Bjiinbayt 

75..t 

72.7 

('hcnhadali 

S. India* 

79..; 

7.'i.l> 

Rajcli 

B(Hnbay* 

72.7 

65.6 

IW cud rail 

S. India* 

7S.S 

64.1 

Hnukcl 

Bomba yt 

74.7 

SO.d 

Mnnthau 

S. India* 

77.7 

71.6 

t Information 
* Jacob, K. C.i 

from Horticulturist, 
, 196 211. 

Dt-p. Agric., 

Bombay 


K. C., 155 64 ; vSimmonds, 260 66 : Massal &: Bat ran. 

The ripe fruit is a rich source of carbohydrates 
and a fair source of minerals and vitamins, parti- 
cularly of the B group. The composition varies with 
type and also the stage of maturity. Analysis of the 
flesh of 59 types of ripe banana from Madras 
(percentage of flesh in fruit, 52.1-91.8) gave the 
following values: moisture, 60.6-79.8; protein, 0.4- 
1.7: reducing sugars, 3.6-24.6; noiM'cducitig sugars, 
o.o-i,^.6 ; otlier carbohydrates, fat, etc., 0.1-16.4: 
and ash, 0.7-1. 6'V, ; calorific val., ^>7 137 cal./i(x) g. 
Table 5 gives the composition of the flesh of some 
popular dessert types of Indian bananas. 

'The analytical values for the pulps of 8 types of 
unripe banana used for culinary purposes in Madras 
were as follows; moisture, 60.4-72.4; protein, i.(>- 
i.S; reducing sugars, o. 1-0.2 ; non-reducing sugars, 
0.5 ; other carbohydrates (mostly starch) and fat, 
24.5- 36.7 ; and ash, 0.9 1.3“,, (Jacob, K. C., 165. 196- 
21 1 ; tSimmonds, 256). 

Starch (amylose, 20.5';..) constitutes the major 
carbohydrate of green unripe banana. As the fruit 
ripens, the starch is rapidly hydrolysed into solid)le 
sugars and the percentage of total sugars increases 
Iroin 1-2 in green banana to 15 20 in the ripe fruit. 

.PS OF SOME RIPE BANANAS GROWN IN INDIA 


Protein 

Kediieiiig 

sugars 

Non -red lie - 
ing sugars 

Starch 4- fibre 
} ether extr. 

1./ 

0 

A.sh 

‘jf 

,'0 

1.0 

1.5.2 

2.7 

1.4 

0.7 

l.l 

I9.S 

0.2 

4..; 

0.9 

l.l 

9.2 

S.S 

I.S 

1.0 

1.0 

10.0 

5.0 

4.6 

0.9 

0.9 

10.9 

7. .5 

0.9 

i.o 

1.4 

14.9 

4..; 

2.S 

I..; 

1.0 

9.6 

S.4 

2..^ 

o.s 

1.7 

LS." 

.;.4 

7.0 

1.2 

0.9 

i.;.5 

9.1 

4.5 

1.0 

1.0 

2.;.6 

t.i 

4..; 

l.tl 

o.s 

5.4 

1 

.1.2 

0.9 

1.5 

7.1 

i.t.s 

1.7 

0.9 

l.l 

14.0 

7.1 

6.9 

0.9 

0.4 

2.;.9 

2.5 

S.2 

0.9 


4.1 

6.7 

. . 


1.0 

15.2 

5.7 

7.1 

1.4 
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Sucrose, glucose and fructose are the principal 
sugars ; maltose is present and four other sugars have 
been spotted chromatographically l)ut not identified 
(Simmonds, 225-26 : Bates ct ai, J. Amcr. clicni, Soc,, 
194^, 65 , 142 : Lulla & Johar, Curr. Scl., 1959, 
24 , 92). 

The total pectin content of Indian hanana, calcu- 
lated as calcium pectate, is c. 4.2 V«.. lnsolid)le pectic 
suhstances arc j)rogressively transformed during 
ripening into solulde suhstances : a decrease in total 
pectic substances is observed in the posMipening 
stage. The hemi-cellulose content decreases during 
ripening. Small amounts of lignin and cellulose are 
reported to he present in the ripe fruit (Krishna- 
murti (iiri, Proc. Indian Acad. Sci., 1949, 29 B, 
155 : Kerresz, 295 ; von Loesecke, 1949, 90 91). 

The principal proteins of the hanana are an 
albumin and a globulin : glutelin, prolamines and 
proteoses are also present. The amino acid composi- 
tion of the proteins of two types of bananas is given 
in 'lahle 6 ; the composition of casein is included for 
comparison. l"rec amino acids identified in the ripe 
fruit are: arginine, asparagine, aspartic acid, gluta- 
mine, y-amino butyric acid, pipecolic acid, leucines 
and traces of serine, glycine, glutamic acid and 

TABI.n 6-AMINO ACID COMPOSITION OF THE PROTEINS OF RIPE 
BANANAS*' 

(C;ilciiIaU‘(l 10 g./16 g. nitrogen) 


Piivhahati’ 

nasiihiilr 

Casein 

Cystim* 

1.7 

2.5 

0.5 

Lysiiic 

5.S 

6.6 

6.0 

llislidiiic 

HJ 

7.1 

2.5 

Ar^iniiu* 

().\ 

5..1 

5.S 

Sfrinc, glycine ^ 
aspartic acid 

12.9 

15.6 

9.6 

Threonine & >;lutainic 
acid 

l.v4 

17.4 

25.4 

Alanine 

5.6 

6.H 

1.9 

y-Ainino butyric acid 

4..^ 

6.2 


Tyrosine 

S.5 

6.5 

6.6 

Methionine & valine 

6.H 

1(1.6 

11.5 

Phenylalanine 

2.4 

4.S 

3.9 

Leucine & boleucine 

6.7 

9.0 

9.7 

* Bhagavan & Uajagopalan, 

Curr. ScL, 

1956. 25 , 225. 



threonine. Feeding trials on experimental rats have 
shown that hanana proteins are comparable to rice 
proteins in (juality (von Loesecke, 1949* 102, 144 ; 
Rao ct a!., /. sci. indusir. Res., 1956, 15 C, 39 ; 
Bhagavan & Rajagopalan, Curr. Sci., 1956, 25 , 223 ; 
/. sci. indnstr. ihs., t6C, 1 15). 

The essential amino acids present in the proteins 
of green plantain (crude protein, 2.71%) arc as 
follows (expressed in g./*6 g.N): arginine, 4.13; 
histidine, 4.46 : i>oleucine, 5.12 ; leucine, 5.42 ; lysine, 
5.6.) : methionine, 0.63 ; phenylalanine, 4.53 ; threo- 
nine. 2.73 : tryptoplian, 0.74 : and valine, 4.35 : 
methionine is the limiting amino acid. The amino 
acid composition is similar to that of potato and 
sweet potato, except that the histidine content is 
high (Ramachandran &: Phansalkar, Indian ]. mcd. 
Res., 1956, 44 , 501). 

Banana contains a small amount of fatty oil which 
does not suffer any changi* during ripening. Ft her 
extraction of the dried material yields a dark brown 
oil having the following characteristics: ’ 

1.464S ; iod. val., S2 : and imsapon. matter, 14.4% 
(von Loesecke, 1949, 105). 

Banana is a fair source of calcium and iron and a 
rich source of potassium, magnesium, sodium and 
phosphorus. Analysis of the ripe fruit gave the 
following values: sodium, 34.S : potassium, 401.0: 
calcium, 9.0 : magnesium, 28.0 ; manganese, 0.8 : 
copper, 0.2: iron, 0.6; phosphorus, 31.0: sulphur, 
lo.o : chlorine, 125: and silica. 23.8 mg ./ hki g. 
Minor elements reported to he present are: iodine, 
aluminium, zinc, cobalt and arsenic. The ash is 
alkaline in reaction, (ireen plantain contains: cal- 
cium, 10 : phosphorus, 30 ; iron, 0.6 ; jiotassium, 
382 : and sodium, 67 mg./io:) g. (von Loesecke. 1949, 
1*44, 105 ; Kar, Sci. & iUdt., 1938-39, 4 , 76 ; Winton 
& Winton, II, 505: Ulth Ridl., No. 23, 1951, 40 : 
Pain & Banerjee, Indian J. mcd. Res., 1956, 

44, 749). 

Analysis of the pulp of 8 types of South Indian 
bananas for vitamins gave the following ranges of 
values: carotene (as vitamin A), 8 470 i.u. : thia- 
mine, 20 51 /tg. ; riboflavin, 21-71 /eg.: niacin, 0.5- 
0.8 mg. : and a.scorhic acid, 5-17 mg./ too g. : panto- 
thenic acid, pyridoxine, biotin, inositol, folic acid 
and minor amounts of tocopherols are present. Of 
the total ascorbic acid, 20-30% is dehydroascorbic 
acid. A part of the acid is lo.st during cooking ; parti- 
ally ripe fruits lose 10% and fully ripe fruits 50-75% 
of the acid (Information from the Director, Nutr. 
Res. Lab., Coonoor : Hllh Bull., No. 23, 1951, 40; 
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vuii Locsccke, *949, 114; Gomez & Mattill, Food 
Res., 1949, 14 , 177). 

The unripe fruit is astringent to the taste, 
rhe flesh of the mature fruit just beginning to 
ripen contains 1.52-1.66';., tannin, while the peel 
contains much more. During riix'ning the 
tannins probably pass over into houiui insoluble 
forms and the free tannin content decreases. 
Leuco-delphinidin and Icuco-cyanidin have been 
identified in the fruit (Ranganalhan. /. ludian Inst. 
5(7., 192S, II A, 80; von Loesecke, 1949, 97-101 ; 
Simmonds, 228). 

Green banana skin contains chlorophyll (51.7- 
102.9 mg. /kg.), carotene (i. 2-3.7 mg. /kg.) and 
xanthophylls (5.2-7.3 mg./kg.). During ripening the 
colour of the peel changes to yellow and the chloro- 
phyll content decreases to almost zero. Analysis of 
the ptilps of Ldl kel and Basrai bananas (from 
Bombay) gave respectively the following values: 
xanthophyll, 2.2, i.o: neo-/:i-carotene U, 0.3, o.i ; and 
/i-carotene, 2.6, 0.6 /*g./K- (von Loesecke, 1949, 108- 
(h; : Sadana & Ahmad, J. sci. iuduslr. Res., 1949, 
8B, 3.S)- 

The aroma and flavour characteristic of the 
banana develop during ripening. Amyl acetate is the 
principal odorous constituent ; amyl butyrate, 
acetaldehyde and ethyl and methyl alcohols have 
been identified. Fresh pulp contains 0.0013"'. total 
volatile oil. Ethylene is produced during the 
climacteric (von Loesecke, 1949. 107 : Simmonds, 
229). 

/-Malic acid is the principal acid present in the free 
state in ripe banana : citric and oxalic acids are also 
present. Boric, tartaric, acetic and butyric acids liave 
been reported in some types. Nine types grown in 
India have been examined and none of them con- 
tained acids other than citric and malic. During the 
ripening of fruit, the free malic acid content 
increases (from 0.053 one type 

examined) (von I.oesecke, 1949. 94 9 ^^ ’ Harris & 
Poland, Food Res., 1937. 2 , 135 : Lulla & Johar, Curr. 
Sci., 1954, 23 , 362). 

The enzymes |)resent in banana include amylase, 
invertase, protease, catalase, peroxidase, lipase, oxy- 
genase, phosphatase and ascorbic acid oxidase. The 
activities of the enzymes vary greatly during the 
ripening of the fruit : catalase activity decreases 
while invertase activity increases. Histological 
examination of ripening banana has shown that the 
disappearance of starch begins at the periphery and 
gradually extends towards the core, thus indicating 


that the peel is the seat of amylase. I'hc pulp prob- 
ably contains activators of amylase : pulp extracts 
exhibit little or no activity, while a mixture of 
extracts of peel and pulp shows greater activity than 
either of them alone. Tannin has an inhibitory 
action on banana amylase (von Loesecke, 1949, 114 
18 : Sastri Row, Froc. Indian Acad. Sci., 19^4-^^, 
IB, 318). 

Bananas contain comparatively large amounts of 
two physiologically important compounds, namely, 
serotonin (5-hydroxytryptaminc) and norepinephrine, 
in addition to dopamine (3, 4-dihydroxy phenylethy- 
lamine), 3, 4-dihydroxy phenylalanine (?) and an 
unidentified catecholamine. I'he concentrations of 
some of the compounds in the pulp and peel of ri|)c 
yellow bananas have been reported to he as follows : 
pulp — serotonin. 8-50 /tg./g* • norepinephrine, 1.9 
/(g./g. : and dopamine, 7.9 /*g./g- : /ur/ -serotonin, 
47-93 /tg /g- : norepinephrine, 122 /tg./g. : and dopa- 
mine, 700 '^g./g- Serotonin inhibits gastric secretion 
and stimulates smooth muscle in the intestine and 
elsewhere ; norepinephrine is a mediator of auto- 
nomic function and is widely used as a vasocon- 
strictor agent. Serotonin is ap|)arently well tolerated 
when administered orally to human beings : doses up 
to 20 mg. of serotonin caused no adverse effect. The 
therapeutic uses of banana (in coeliac disease, consti- 
pation, peptic ulcer, etc.) may he due to the presence 
of these active principles (Waalkes el al., Scieiice, 
1958, 127 , 648). 

Peel — The peel which forms 8.2-47.9'*.. of the 
fruit, depending upon the variety and stage of ripe- 
ness, is used as cattle feed. It is re|X)rled to he com- 
parable to hay of good (juality in nutritive value. 
Analysis of the peel gave the following values (dry 
basis): (rude protein, 6.1 : ether extr., 8.7 : crude 
fibre, lo.o : N-free extr.. 63.1 : total sugars (as invert 
sugar). 22.0: and ash, 12.1".,: the ash is rich in 
potassium salts. Sun-dried peel contains the follow- 
ing vitamins: /i-carotene, 1.66 mg. ; /i-tocopherol, 
3 mg. : nicotinic acid, 5 mg. : and ascorbic acid, 
138 mg./ioo g. : riboflavin, traces (jacoh, K. C.. 165, 
1(^6-211 ; Archibald, J. Dairy Sci., 1949, 32 , 969: 
Client. Absir., i(;5i. 45 , ^V 7 )- 

Banana peel is a potential source of pectin. Peels 
of green, yellow and brown bananas are reported to 
contain respectively, 0.51, 0.38 and 0.46';,, soluble 
peclic substances and 1.28, 1.02 and 0.8 rV. total 
pectic substances (Kertesz, 294, 414). 

The skin and pulp of green banana contain anti- 
fungal substances, while the skin and pulp of the 
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ripe banana contain both antilungal aiul aniibactc- 
riai substances ; an active principle wbicb inhibits 
pathogenic fungi has been separated. The peel con- 
tains serotonin, norepinephrine, and related com- 
pounds in higher proportions than the |>ulp. An 
antibacterial factor active towards acid-fast bacteria 
(Mycohacicrut) is present in fully ripe banana 
(Schalfer rt al., Ycarh. A^ric. il.S. A^ric., 

51, 732 : Waalkcs vl r//„ loc. cit.). 

The peel of green banana yields c. 2",, of a milky 
white latex which contains tannins; a chicle-like 
gum w'hich dries to a brown, tacky, odourless and 
tasteless mass (softening pi., *14°) is present in a 
concentration of c. 10",, in the latex. Analysis of the 
gum gave the following values: moisture, 11.46; 
acctone-sol. resins, 4445 : ether extr., 34.36 : alhan, 
13.61 : fliiavil, 15.35 ' pfotein, 2.38 : and ash, 0.39% 
(von l-.oesecke. 1949, 35-36). 

Flozvcrs The neutral and slaminate part of the 
inflorescence before it opens (Ilixm ^ Bknc;. — 
Mocha : Tam. — Vazliai[)u) is used as a vegetal>le. 
Analysis of the edible part gave the following 
values: moisture, 90.2; protein, 1.5; ether extr., 
0.2: carbohydrate, 5.0; fibre, 1.9; and mineral 
matter, 1.2',’,,: calcium, 0.03: and phos|)horus, 
0.05“,, ; iron, 0.1 mg. ; and nicotinic acid, 0.6 mg./ 
10:) g. The flower extract shows antibacterial activity 
against Micrococcus l)\oi^ctics var. aureus. Diglyco- 
sides of delphinidin and cyanidin are present in 
brown red bracts (Hayes, 246 : Hllh Hull., No. 23, 
1951, 40; joshi & Magar, ]. sci. ituluslr. Res., 1952, 
IIB, 261 ; Ponniah & Seshadri, ibid., 1953, >2B, 605). 

Hauana stevi T'he lender inner portion or (ore of 
the stem (Bk.\(;. — Thor; '1'am. Vazhai lhaudu : 
Ka\. — Hale dindu ; Mal. — Vazha pindi) of fruited 
banana plant is sold as vegetable and eaten after 
cooking. It contains: moisture, SS.3: protein, 0.5: 
fat, o. I : carbohydrates, 9.7 : fibre, o.S ; mineral 
matter, 0.6: calcium, o.oi : and phos|)horus, o.or;.. : 
iron, i.i mg.; and nicotinic acid, 0.2 mg./i(K) g. : 
carotene, nil. Green stems, leaves and rootstock 
provide succulent feed for cattle and sheej). Outer 
sheaths are used as fodder .for elephants. The stalk is 
used as mulch after crushing and shredding in a mill. 
Stalks and leaves are also used as manure : they 
contain: N, 0.61 : 1^0... 0.12 : and K^O, 1.01",,. Stem 
sap, as also the juice of other parts of the plant, stain 
cloth almixst black and the stain is fairly fast to wash- 
ing ; the sap may be used as a substitute for marking 
ink (Hayes, 246: llllh Hull., No. 23, 1951, 40; von 
Loesecke, 1949, 125: Sabasrabuddhe, Hull. Dep. 


Afrric. Houihay, No. 174, 1934, 15 : lA'afl. Dep. /IgnV. 
Hoiuhay, No. i, 1919, i). 

Fresh pseudostems contain up to 5Vn (av. 2';.',) 
starch which can be extracted and used for edible 
purposes. It forms a transparent paste with water 
and is considered useful for finishing textiles. 'Phe 
starch content varies with clone, stage of growth and 
season. For the extraction of starch, stems are cut 
longitudinally and the juice pressed out with the 
help of a cane crusher ; the residual fibrous material 
is worked up with water in a paper pulp beater and 
the extracts so obtained is added to the press juice. 
The combined suspension containing starch is strain- 
ed through sieves and tabled (Subrahmanyan el al.. 
J. Sci. Fd A^ric., 19^7, 8 , 2^V‘ I*'hn el al., ibid., 19^6, 
7,6,). 

Peeled leaf sheaths are used fresh or after drying 
as packing tnaterial for llovvers, betel leaves, fruits, 
etc. They are stripped into shreds, dried and used 
for tying p.ickages and making garlands. Banana 
fibre has l)ecn locally used in India for cordage pur- 
poses, mats, and to a small extent, for making coarse 
|)aper. 'The yield of lil)re from cultivated plants 
varies from 0.29 to 2.5 o/. per stem. Some of the 
ly|)es yield fibres of good strength atid (piality. For 
the extraction of fibre, the sheath layers are sej)arat- 
ed soon after cutting the plant and ilie pull)y matter 
scraped off with a blunt piece of iron ; the puljiy 
matter adhering to the fibre is removed as (piicklv 
as |)ossihle by washing or boiling w'irh alkaline soap. 
The libre is washed and spre.id out to dry. FxptJsuie 
to sun in a damp state imparts a hrownish yellow 
tinge which is not readily bleached. The fihie may 
he softened by tieatment with potassium or sodium 
larbonate solution (t'n). Treated fibre (yield, 70"., of 
raw dry fibre) resembles linseed libre in softness and 
Teel and pos.sesses satisfactory stretigth (Naik, Indian 
]. Ilort., 1945, 3, 14; Mem. Dep. /IgnV. Madras. 
No. 36, 1954, 358 ; Biswas Athawale, J. histn 
Cheni. India, 1946, 18 , 96). 

Fflorts have been made to utili/.e banana fibre for 
the production of paper pulp. Digestion with dilute 
nitric acid follow'cd by caustic soda yields a pulp 
(yield, ^4"..) which can he easily bleached. Optimum 
conditions for pulping have l)een worked out. A 
process has been developed for the production of 
fibre board from banana stalk (Kane Marathe, /. 
Indian chem. Soc., indusir. Edn, 1949, 12 , 113: 
Chem. /1/;.s7r., 1949, 43, 9450). 

Leaves Banana leaves are used extensively in 
India as platters. In .some districts of Madras, the 
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plant is often cultivated for leaves as well as fruits : 
the types Nalla hontha, Mon than, Poovan, li^sl/iali 
and Elavazhai, are the types preferred for leaf pro- 
duction and plants in the field are j^iven an addi- 
tional dose of groundnut cake at i Ih. per stool to 
stimulate leaf formation. About 20 leaves per month 
can he harvested from each stool for six months 
from the eighth month onwards. When a crop is 
raised for fruits and leaves, fruits are harvested in 
tlie first year and the ratoon crop exploited for leaves 
in the second year. The income from the leaf crop 
is often higher than that from the fruit crop (Jacob, 
K. C., 144, 146 ; Sundararaj, Madras a^ric, j., 19^2, 
39, 13). 

Medicinal uses — Banana fruit possesses mild laxa- 
tive properties. The sugars present lend to increase 
Ci ram-positive or acidic groups of micro-organisms in 
the intestines and decrease Gram-negative organ- 
isms. The fruit aids in coml)ating diarrhoea and 
dysentery and promotes the healing of intestinal 
lesions in ulcerative colitis. Banana powder is effec- 
tive in the treatment of coeliac disease, si)rue and 
other hums of carbohydrate intolerance in children ; 
it is used for certain intestinal disorders in adults. 
It forms a useful constituent of the diet of infants : 
a syrup prepared of the ripe fruit may be incorporat- 
ed with milk and used for infant feeding. The ripe 
fruit is reported to be useful in diabetes, uremia, 
nephritis, gout, hy[)ertension and cardiac diseases. 
Unripe fruit and cooked flowers are tiseful in 
diabetes. In China, ilie stalk of fruited ])lant is given 
to pigs for eliminating kidney worm (Stel>lianurus 
denial us). 'Ihe asli of the root, as also that of the 
entire plant, is anthelmintic. The juice of (lowers is 
used for dysentery and stem and root lor disorders 
of the blood ( jacol), K. C., 147. 162 /14 : von l.oesecke. 
1949, 143-49, 125, 132 ; Kirt. Basil, IV, 2452 34: 
Simmoiuls, 271). 

Banana Pkodccis 

r/zt/i.s - Fully mature but unrijie banana is cut 
into chips, like potato, and consumed after frying in 
oil. Nendran, Monthan, Sambrani nionthan and 
Kaio are the types preferred for this purpose. Fried 
Nendran cliips are reported to keep well for 2-3 
months. A product with a pale colour is obtained 
when slices are cut by a stainless steel knife : the 
slices are dipped in acidulated water, washed with 
water and dried in the sun or in a home drier at 
1 40-45" F. after exposure to sulphur dioxide fumes 
for an hour (Jacob, K. C., 161, 42 ; Brochure on 


Home-Scale Food Pre jut ration Series, Clent. Fd 
technol. Res. Inst., Mysore, 1959, No. 32 : Simmonds. 

Flour & /^o:cr/cr -Banana Hour is prepared from 
unripe fruit and banana powder from ripe fruit. The 
former is essentially starchy, while the latter is rich 
in sugars. For the preparation of Hour, dried banana 
chips are powdered in a mill and sifted through 
sieves (yield. 12.5 27.55'., fresh fruit). Analysis of 
banana Hour (from live Madras types) gave the 
following values: moisture, 10.2- 10.9: carbo- 
byd rates, 79.6 S3.3 ; protein, 2.S-4.9 ; etber extr., 
0.40.9: fibre, 0.7 1.4; and ash, 2.0-3.0",. (Jacob, 
K. C., 157-58 : Mem. Dep. /IgnV. Madras, No. 36, 
1954, 358 : von Loesecke. 1949. 128). 

Banana Hour is used as infant food in Malabar : 
it is given in the form of gruel. Flour from Kunnan 
and Nendran types arc preferred Idr the purpose. 
Vermicelli and cakes are also prepared from the 
Hour. It is used in the preparation of a variety of 
sweet and savoury dishes and, in admixture with 
wheat Hour, for making bread and biscuits (Jacob. 
K. C., 159 ; Brochure on Home-Scale Food Prepara- 
tion Series, Cent. Fd technol. Res. Inst., Mysore, 
1959, No. 32 : Mem. Dep. /Igr/c. Afadras, No. 36, 
' 954 - 35 S)- 

Banana powder is prepared from the pulp of ripe 
fruits after mashing and drying in drum or spray 
driers. The ilried product is pulverized and passed 
through a 20-mesh sieve. Analysis of powder from 
over-ripe Poovan banana gave llie following values: 
total sugars, 68.8 : starcb, 7.2 : protein, 5.0 ; ether 
extr.. 0.4: crude libre, 1.5: pectin (as calcium 
pecrate), 2.5 : acidity (as citric acid), 2.2 : and ash, 
3.1'.,. Banana powder may be used also in the pre- 
paration of beverages of the malted milk type 
(Subrahmanvan el al., Ann. Biochem., 1957, 17 , 
155 : von Loesecke, 1949. 132). 

Fi^s Banana fig is the popular name for dried 
ripe fruits. For making figs, peeled fruits are split 
longitudinally, each half cm into pieces about i inch 
in length and dried in the sun till pliable and soft. 
Figs keep well for 3-4 months. A product with 
attractive appearance and good keeping i|uality is 
o])iained by dipping banana pieces for 15 min. in 
sodium carbonate solution (i*'..). followed by wash- 
ing in water, exposure to sulphur dioxide fumes for 
an hour and drying in a cabinet drier at 55-60". 
Juicy varieties are generally preferred for preparing 
figs : Pe\^ kunnan and Cdiakkarakeli are used in 
Madras and Rajeli in Bombay. Banana tigs have a 


467 



MUSA 


sweet taste and contain 50% or more of reducing 
sugars. They are consumed as such or in puddings 
and beverages (Jacoh, K. C., 155; Das ct aL, Bull, 
cent. Fd tcchnol. Res. Inst., Mysore, 1954-55, 4, 2S1 ; 
Cheenia et al., 28). 

Confections — In South India, ripe fruit is used in 
the preparation of confections, e.g., Panchamrutham, 
Paziiaprathaman and Rasayanani. The ingredients 
for pnncliatnrutham are banana pulp, lioney, ghee, 
sugar candy and spices. It has a delicious taste and 
is used as an offering to deities in temples. 
Rasayanam is made by cutting the fruit into chunks 
over whicli is poured sugar and a small quantity of 
ghee. Chunks may he mixed with sugar (25-30%), 
acidified with citric acid and canned in sealed tins 
[Rep. Marketing Bananas, 1945, 30 : Jacob, K. C., 
52 : Brochure on Home-Scale Food Preparation 
Series, Cent. Fd technol. Res. Inst., Mysore, 1959, 
No. 53)- 

Fermentation products — Banana pulp is some- 
times employed for making alcoholic beverages. 
Banana flour can satisfactorily replace malt in 
brewing to the extent of 20V0. Vinegar has been 
prepared (yield, 48-53%) by fermenting a mash of 
banana pulp and peel (Simmonds, 263 ; von 
Loesecke, 1949, 137-39). 

PRoDt^rrjoN AND Traok 

I’hc total world production of bananas is estimat- 
ed at 8-9 million tons per annum of which about 
3.0‘-3.5 million tons enter international trade : tropi- 
cal American and African countries contribute the 
major share. The annual production in India is 
estimated at i. 7-2.0 million tons. Most of it is con- 
sumed within the country for table purposes : a 
small (piantity (c. o.7'’o) is used for the production of 
banana flour, figs, etc., and a still smaller ciuantity is 
ex|)orted, mainly to countries bordering the Persian 
Gulf (Table 7) (Fruit, Commonwealth Fcon. Comm., 
i960, 98, 102). 

Banana hunches are sold by growers to contractors 
or merchants anti transported loose in bullock carts, 
motor lorries or by rail to markets. A lining of 
plantain leaves is provided on the floor and sides of 
the cart or wagon : sometimes each bunch is 
wrapped in banana leaves. In Madras, the hands of 
hill bananas (Virupakshi or Sirumalai), from which 
the fruits get easily detached when ripe, arc separated 
from the bunch, wrapped in dried leaves and 
arranged with interlining of leaves. In some areas, 
the hands are parked in gunny bags holding c. 2 md. 


^BLE 7-EXPORTS OF FRESH BANANAS FROM INDIA 


m 

(Qty in cwt.) 



Country 

1957 

1958 

1959 

Bahrein 

16,446 

22,261 

15,601 

Triicial Oman 

3.664 

2,119 

3,376 

Saudi Arabia 

2,563 

5,717 

5,615 

Kuwait 

839 

2,679 

1,806 

Others 

98 

192 

85 

'I’otal Qty (ewt.) 

23,610 

32,968 

26,483 

Total Val. (Rs.) 

390,150 

478,918 

439,522 


or in wicker baskets holding 32 lb. In Cochin, small 
parcels of Nendran banana are despatched in baskets 
made of splits of Lantana shrub (Rep. Marketing 
Bananas, 1945, 30-35, 18). 

Specifications for the grading of bananas and 
adoption throughout the country have not been 
formulated. In Madras and Mysore, bunches are 
graded into live classes according to the number of 
fingers in each bunch. 'Pentativc grade specifications 
for hill bananas have been evolved in Madras (Rep. 
Marketing Bananas, 1945, 21-22). 

The consumer demand for different types of 
bananas varies in different regions. Poovan and 
Champa are popular throughenit Madras, Mysore, 
Bengal and Assam : they have an attractive appear- 
ance and keep well, though they are slightly sour 
to the taste. Sirumalai or Virupakshi and Rasthali 
of Matlras, Chakkarakeli of Andhra, Rasahale of 
Mysore, M orthoman and Amritsagar of Bengal and 
Lai kel of Bombay possess good taste and flavour 
and are popular. Basrai and Harichal types are in 
great demand in Bombay and N. Indian centres. 
Nendran banana of Malabar are used for dessert as 
well as cooking purposes; they are specially prefer- 
red for preparing chips and arc, sometimes, exported 
to Middle East countries in exchange for dates. 
Mofithan (otherwise known as Madhurangabale 
or Khasadia) is grown in almost all States and used 
for cooking (Rep. Marketing Bananas, 1945, 11, 37 : 
Jacob, K. C., 42). 

M. textilis Nee Manila Hemf, Abaca 

D.E.P., V, 302; C.P., 790; FI. Br. Ind., VI, 263: 
Moore, Baileya, 1957, 5, 185 ; Jacob, K. C., 130, PI. 
74. 75- 

Tam. & Mal. — Nauru vazhai; Kan. — Natal hale. 

A tall, stout, stoloniferous plant, 2.5-4.0 in. high, 
native of the Philippines, introduced and experi- 
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mcnrally tried in India for its fibre. Leaves broadly 
oblong, leathery, lirm in texture, bright green above, 
glaucous beneath, often with large brown sj)ots ; 
fruits compact, nearly terete, 5-7 cm. long x 2.0 cm. 
diam., with pale cream coloured inedible pulp filled 
with many seeds. This species is valued for its fibre, 
extracted from leaf sheaths of the mature plant, and 
known in the trade as Manila Heinf). 

M. tcxlilis (chromosome number n— 10) belongs 
to the Anslralimusa section of the sub-genus Musa. 
It crosses with diliiculty with A/, acinniuala or 
A/, halhisiana and only when it is used as the male 
parent, ft includes more than 20 recognized clones 
differing somewhat in fibre characteristics and 
growth habits : a few natural hybrids (Af. halhi- 
siana x A/, trxlilis) are also known (Lheesman, 
Kezv Bull., 1949, 267 ; Spencer, Fa oh. Bot., 1953, 

7. 195)- 

Kxperiniental cultivation of A/, tcxlilis has been 
tried in West Bengal, Madras and Andaman Islands, 
hut the results so far obtained have not proved parti- 
cularly promising. Cultivation trials were renewed 
in Madras during World War II : the yield of fibre 
from plants was rather low and uneconomical : the 
fibre was inferior not only to standard manila hemp 
hut also to the fibre extracted from some locally 
cultivated banana types, like Nouira Inulathi, 
Pacha nadan, Vatuian, Nana nendran, Kuri hontlia, 
etc. The plant has been rej>orted to thrive well in 
Andamans, hut little attention seems to have been 
paid to cultivation and fibre extraction. The pros- 
pects for manila hemp production in Andamans 
appear promising and further efforts have been 
recommended {Btdl. imp. Itisl., Loud., 1909, 7 , 10 ; 
Naik, Indian J. Hurt., 1945. 3 , 14 ; Sircar, Misc. Bull.. 
Indian Cauii. a^ric. Rrs.. No. 66, 1948, 15 ; Jacob, 
K. C., 1^2 : Mem. Dcp. A^ric. Madras. No. 36, 1954, 
35 «). 

M. textilis is extensively cultivated in the Philip- 
pines. It thrives in well-drained, moderately rich 
loams at elevations of 60-150 m. with an annual 
average rainfall of 250-275 cm. evenly distributed 
throughout the year. It is ])ropagated by suckers or 
from parts of mature rootstock containing one or 
more growing buds. The plant may he raised from 
seeds hut this method is rarely employed as seeds 
arc of low viability and seldom produce plants true 
to the parents. The average yield of fibre per stalk 
is i Ih. and the annual average yield per acre, i,(K)o- 
2,000 Ih. in the Philip])ines (Matthews, 370-75 : 
Spencer, loc. cit.). 


Abaca plant is susceptible to bunchy top, mosaic 
and wilt diseases ; it is also liable to attack by the 
banana borer Cosmopolites sordidus Chev. Measures 
recommended for the control of similar diseases 
and pests of banana are also effective against 
abaca diseases and pests (Matthews, 372 ; Spencer, 
loc. cit.) 

Fihre~Thc harvested stalks of the plant are 
utilized for the extraction of fibre. 'I'he fibre is 
located primarily adjacent to the outer surface of 
the leaf sheath. lOach leaf sheath consists in cross 
section of 3 layers, the outer fibrous layer, the middle 
containing a small (|uantity of fine white fibre, and 
the inner layer which contains no fibre at all. The 
outer sheaths of the stalk contain fibres which are 
strong hut distinctly brown or dark in colour, while 
the inner sheaths give soft white fibres which are 
pale while in colour : the fibres nearer the base are 
stronger than those near the tip (Weindling, 4f) : 
Ilimmelfarh, 36: Spencer, loc. cit.). 

The fibre consists of strands ranging in length 
from 0.9 to 2.7 m. : those extracted for the full length 
of the middle sheaths may he as long as 4.5 m. Kacli 
strand is made up of bundles of fibre cells, 3 12 mm. 
longx 16-32 fi. diam., irregularly round or oval with 
la|)ering ends : they are smooth and lustrous with 
long distinct lumens. The fibre is stronger than hem|) 
(from Cannabis saliva) and sunn hemp (from 
Crotalaria juncea). which are the cf)mmonly used 
cordage fibres, and possesses good elongation and 
flexing ([ualities. It is highly resistant to micro- 
organisms. particularly those present in saline 
waters. It contains 60-70' V. o-celltilose and resembles 
jute in chemical composition (Harris, 70). 

Abaca fibre as met with in commerce varies in 
colour from almost pure white, through cream to 
light or dark brown, according to the position of the 
sheath in the stalk from which the fibre is derived 
and the care taken in extracting and processing the 
fibre. It is used mainly for twines, ropes and cable : 
it is much valued for hawsers, ships’ cables and 
riggings. The best grades of hinder twine are made 
of abaca, and fine strands of the fibre are spun into 
thread and used in coarse weaving and upholstering : 
line fabrics arc also made. Old manila ropes and 
waste are useful in the manufacture of tough paper. 
In Japan, heavy paper used for construction of 
movable walls are made from abaca (Matthews, 379 : 
Spencer, loc. cit.). 

The largest producer of abaca in the world is the 
Philippine Islands with an annual protluciion of 
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TABI.b: «— IMPORTS OF ABACA I IBRIi INTO INDIA 



Qlv (tons) 

N'.il. (thf)us:ind Rs.) 


1 

1 ,Sf)4 

iy.s7 

l.a.H 

1 .7V6 

I05S 


l,S4.t 

1 ‘CSV 

1,115 

2.24S 


LAOS 



nearly loo thousand tons. Small (|uantities are pro- 
duced by Indonesia and some countries of Central 
America. India imports annually c. i.ooo tons of 
abaca valued at i.iS-3.1 million rupees mainly from 
the Philippines (Table 8) (Spencer, loc. cii.). 

Resides the species dealt with above, there are 
three or four other exotic species, which are of in- 
terest either as ornamental plants or as possible 
breeding material. A/, oisctr or Abyssinian Ranana 
is one of them : its characteristics have been hrielly 
referred to in Table 1 along with wild Indian species 
some of which are also grown for ornamental 
purposes. 

A/, hasjno Sieh. & Zticc. ex linuma is a sparsely 
sfooling ornamental plant, native of Japan, with 
spreading rhi/omes, hearing greenish yellow fruits 
containing black, warty, compressed seeds. It is 
resistant to cold and is well adajited for growing in 
gardens in cool climates. It resembles Af. itincraus 
Cheesinan with which it is stated to he closely allied 
genetically (Cheesinan, Kciv BulL, 194S, 323 : 

Simmonds, ibid.. 1956. 463 ; Moore, Bailrya, 1957, 

5 , 179)- 

A/, coccififu Andr., a free stooling plant with 
numerous green p.seudostems, 1.5 m. high, and 
hearing an erect inllorescence with bright scarlet, 
persistent bracts, is cultivated in India and elsewhere 
for its short stature and ornamental effect. It is a 
native rif IndoC’lhina and belongs to the section 
Cdlhmttsa. It hears oblong, orange-yellow fruits con- 
t.-iining black cylindrical seeds, c. 6 mm. long, with 
warty ridges |Cheesinan, Keze Bull., 1950, 29 ; Moore, 
Baili'xu, 1957, S, iSi : Copalaswamiengar, 341 ; 
(iowder Nam hi sail. luduin //or/., 19 ^8- ^9, 

3 ( 2 ), 8|. ^ 

A/, fclii Rert. ex Vieill. coin|)rises a group of 3 or 
4 wild or semi-domesticated species occurring in 
Pacific Islands, grown more for ornament than for 
their edible fruits. They, belong to the section 
Auslrulimusa and hear plumpy fruits with yellow or 


yellowish green pulp. The fruits are unpalatable 
when raw and are eaten a.fter cooking. The sap of 
the plant is reddish violet and contains an anlho- 
cyanin pigment stable to light ; it is sometimes used 
as a dye. The leaves arc used as platters and for 
making cigarette paper (Cheesinan, Krzv Bull., 1949, 
445: Moore, BaUcya, 1957, 5 , 172: Simmonds, 

73 74 )- 

Muscovite — see Mica 
Mushroom — see Fungi 
Musk — see Deer 
Musk Mallow — see Hibiscus 
Musk Melon — see Cucumis 
Musk Plant — see Mimulus 
Musk Root — see Ferula 
Musk Seed — see Hibiscus 

MUSSAENDA Linn. (Rubineeac) 

A genus of shrubs, rarely herbs, distributed 
chielly in the tropical and sid)-tropical regions of the 
Old World. About 15 species occur in India ; a few 
exotics are cultivated in gardens. 

riie ornamental species of the gentis are very 
pretty in flower. One of the calyx lobes develops into 
.T large, white or coloured leal-like structure which 
makes the plant cons|)icuous and attractive. Afussu- 
enda sjiecies are generally hardy and are propagated 
by seeds, cuttings or layers (iMiininger. 500 ; Ror < 5 : 
Kai/ada, 82). 

^M. frondosa Linn. 

D.K.P., V, 308 ; FI. Rr. Ind., Ill, 89. 

IIiNOi Bedifui, behind; Rknt;. NdgiudU ; Mak. — 
Bli Hikes, bhurtkdsi, IdVdSdl ; Tam. Velldi\ildi, 
vellinidddiuldi ; Kan. — Billoothi, j^dlhri, hdsthygidd ; 
Mal. Pd ru I hole, vellild. 

N KUAi . — A sdri ; T .kpci ia — Turn berk . 

A handsome erect or scandent shrub, sometimes 
a small tree, fotind in tropical Himalayas from 
Debra Dun eastwards, Khasi hills, Deccan Peninsula, 
and Andaman Islands ; it is coinnKudy cultivated in 
gardens. Rark grey : leaves elliptic-oblong or ovate : 
flowers in terminal cymes, itihtilar-ftinnel shaped, 
yellowish green outside and orange red within, one 

• A/, frondosa of Ft. Ur. Iiul. finbraccs a luiinhcr of varictifs 
wliich have het-n raised to s|H*eifie rank ; they arc not diseriini* 
naled for nu'dinnal or other uses. 
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KA’./„ Dvhra Dim. Photo : M. M. liulishi 
FIG. I8I. Ml’SSAfcNDA I RONDOSA-Fl OWfiRlNG BRANCH 


c.'ilvN li)l)c occasionally becoming wliiie and lolia- 
ceoiis : berries sub-globose or ovoid. 

The leaves as well as the Idliaceoiis calycine lobes 
of flowers are eaten as poi-berb. Leaves are used als<» 
as manure. 'I’be wood (wt.. Ib. cu. It.) is white, 
soft to moderately hard, close- and even-grained : it 
is used locally ior rurning and Ibr making spoons, 
ladles and other small articles. 'J 1 r* leaves of the 
plant and also flowers are used in exiernal applica- 
tions for ulcers. A weak decoction of dried shoots is 
given to cliildren to relieve ('ough. 'I'lie bitter root is 
considered alterative and demulcent and used in the 
treatment of white leprosy and eye troubles (Rama 
Rao, 207 : Ciamble, 410 ; Talbot, II. 94 ; C'owen, 105 : 
Kirt. & Basil, II, 1:271). 

M. glabra Vahl 

FI. Br. hid.. Ill, 90. 

Assam Charai-atha, clinlxHti/ht, solid nt jut ; 

M t iNDAHi— AJ It Id nuirsdl. 

A large, scandent, often climbing, shrub found in 
tropical Himalayas from Nepal eastwards. Bibar, 
Bengal and Assam, ascending to an abiiude of 


1.500 m. Leaves elliptic or oblong lanceolate, coria- 
ceous, sometimes mottled ; flowers in terminal 
cymes, yellow ; berries globose. 

The plant is often grown in hedges. Young leaves 
are said to he aiipeti/ing and eaten in salads and 
chutneys. Leaves are (hewed with betel and are used 
as infusion to relieve cough : a decoction of the root 
is used for the same purpose. The flowers are 
report(‘d to possess diuretic properties and used in 
asthma, recurrent fevers and dropsy (Burkill. II, 
*5'0). 

M. cr\lhntpli\lld Sclium. cY 'I’honn. is an orna- 
mental scandent shrub grown in gardens, particular- 
ly oti the hills, for its bright green leaves and 
yellow flowers with shc^vy, scarlet calycine lobes, 
'i he root is said to he useful in coughs ; it is also 
chewed as an appetizer (Dal/iel, 405). 

A/, hitcold Delile is a |)retty shruh with dull green 
foliage, yellow Mowers and foliaceous sepals. It is a 
native of Africa, commonlv grown in Indian 
gardens : it is suitable for hedges (Seth iS: Pande, 
Bull. Ulldr Pradesh For. Dcp., No. 27, 1957, 22). 

A/, roxburp^hii Hook. f. (Assam SoLdali) is a large 
ornamental shrub found in tropical Himalayas from 
Nepal eastwards and in North Bengal and Assam. 
It is grown in gardens and is suitable for hc'dges. 
The leaves are eaten as vc'getable. An infusion of 
leaves is used for colouring baskets (Seth Pande, 
loc. cit. : V\. Assam, HI. 47). 

Mussels — see Molluscs 
Mustard — see Brassica 

MYRIACTIS Less, ({'oiuposttor) 

D.F.P.. V. 5(^9; FI. Br. Ind., III. 247. 

A small genus of erect annuals, including four 
species ivcorded in India. Of these. A/, zcallicliii 
Lc\ss. (Assam Bahrri) occurs in the temperate 
Himalayas from Simla to Sikkim at ahiiucles of 
2.700 5,600 m. and in Aka hills in Assam. It is an 
erec t, pubescent herb. 50 c;o cm. high, with ovate or 
lanceolate leaves, 2.5 lo.o can. long, and yellow 
flowers in small, hemispherical heads. 'Phe leaves 
and young shoots of the plant are caiten in Assam, 
either hoi Ic'd or fried in oil. 

MYRICA 1 /mil. (Myricdci'dc) 

A genus of shruhs or trees distributed in the 
temperate and sub-tropical regions of both hemis- 
pheivs, except Au.siralia. One species occurs in 
India. 
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M. esculenta Buch.-Ham. syn. M. faniuliariana 
Wall.; M, sapida Wall.; A/, nagi Hook. f. (FI. Br. 
JikI.) in part, non Tlninb. Box Mykti.e 

I3.K..P., V. 309 ; Iir, 44S ; FI. Br. Ind., V, 597 ; FI. 
Malcsiana, Scr. I, 4(3), 27S. 

lliKm—Kaiphal ; Beng. — Kaiplial, saisarila ; Mak. 
— Ka\a pliala ; Gnj. — Kariphal ; Tel. — Kaidar- 
yavui : Tam. — Marudaw ; Kan. — Kinsliivniii ; Mai.. 
— Maruta. 

Pvsj\i\ - Kaiphal, kuhcla, kahi ; Ki'maon - 
Kaplud ; Nepal — Kobusi ; Assam — Naga-tcuga ; 
Kiiasi ■ Soli-p/ii ; Iatshai — Kcifatig. 

A small or modcrato-si/ed evergreen tree, 3-15 ni. 
high. Found in sub-tropical Himalayas from Ravi 
eastwards to Assam and in Khasi, Jainiia, Naga 
and Lushai hills at altitudes of 9cx)-2,ioo m. 
Bark grey or brownish grey, rough with deep 
vertical wrinkles ; leaves lanceolate, ohlong-ohovate ; 
bowers minute, unisexual, in axillary spikes ; fruit 
an ellipsoid or ovoid drupe of the size of cherry, 
tuhercled, reddish or chcese-colourefi when ripe, with 
rugose nut. 

The fruits of the plant are edible. They have a 
pleasant sourish sweet taste and are used in the pre- 
paration of a refreshing drink. The fruits are covered 
with a crust of while waxy material, permeated with 
brown and black spots. Some of the other species of 
the genus, e.g. A/, ccrifcra Linn, of America and 
A/, cordiffdift Linn, of Africa, are richer sources of 
wax, and it can he easily separated by boiling the 



f ICi. ini. MYRICA RSCIJI.KNT A— flowering AND FRUITING 
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fruits in water. The material so obtained is not a 
true wax, hut a vegetable tallow compo.sed largely 
of glycerides. It is used for making candles and 
soaps, and also in various formulations for polish- 
ing leather. Fruits are considered pectoral, sedative,’ 
stomachic and carminative |Bor, 112 ; Krishna el ai, 
Indian For. Rec., N.S., Chvm., 1936, l(i), 39; 
Williams, Earn. Bot., 1958, 12 , 103 ; Crevost & 
Petelot, Btdi econ. Indoch., 1934, 37 , 1009I. 

The hark of A/, esculenta contains a yellow colour- 
ing matter and is rich in tannin ; it has been used 
occasionally as a tanning and dyeing material. It 
produces on mordanted wool shades similar to those 
obtained with (|uercitron hark (from Quercus sp.) ; 
on mordanted cotton, it produces shades similar to 
those obtained with old fustic [Clilorophora 
tinctoria). I'he yellow colouring matter, myricetin 
(hexahydroxy ilavone, C',.-,H,„()h, m.p. 350-57°) occurs 
in the bark in the form of the glycoside, myricitrin 
(myricetin 3-rhamnoside, Ca,H:^„0,.. m.p. 199 2 (m>"). 
A second glycoside, the aglycone of which is possibly 
(piercetin, is present in traces. Stime specimens of 
hark are exceedingly rich in colouring matter. The 
tannins of the hark belong to the pyrogallol group 
and c. 73 Vo of the total tannins can be extractetl with 
water. Hides tanned with box myrtle hark tend to be 
cracky ; they are somewhat darker in colour than 
those tanned with wattle hark. Analysis of hark gave 
the following values: moisture, 10.5; tannins. 32.1 ; 
soluble nontans. 10.7; and insolubles, 46.670; tan: 
nontan ratio, 2.9 (Karrer, 628 : Perkin & Kverest, 
22f)-23 ; Santhanam Barat, Bull. cent. Feat It. Res. 
Inst., Madras, 1960-61, 7 , 20). 

The hark of the plant is astringent, carminative 
and antiseptic. A decoction of the hark is considered 
useful in asthma, diarrhoea, fevers, lung alTections, 
Chronic bronchitis, dysentery and diuresis. The hark 
is chewed to relieve toothache and a lotion prepared 
from it is used for washing putrid sores. The hark 
is reported to he used in Khasi hills as a lish poison 
(Chopra, 1958, 515, 605, 679 ; Nadkarni, T, 829). 

MYRICARIA 1 )esv. (Tawaricaceae) 

A small genus of shrubs or suhshruhs distributed 
in Kurope and temperate Asia. Two species occur in 
India. 

M. elegans Royle 

D.E.P., V, 310 ; III, 430 ; FI. Br. Ind., I, 250 ; Kirt. 
& Basil, PI. too. 

Punjab—//////!/;//, umhu ; Kumaon — Womhu, 
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An erect shrub, 3.0-4.5 m. high, found along 
banks of streams in the inner dry ranges of the 
western Himalayas from Ladakh to Kumaon and 
western Tibet at altitudes of i,8(X)-4,5oo m. Leaves 
ohlong-lanccolatc ; flowers pink or white, in lateral 
and terminal spike-like racemes. 

The twigs are browsed by goats and sheep. The 
wood serves as a good fuel. Leaves arc used as an 
external application to bruises (Gamble, 47 ; Kirt. 
& Basil, I, 251). 

M. bracteata Royle syn. A/, germanka Dyer (FI. Br. 
Ind.), non Desv. 

D.E.P., V, 31 1 ; 111 , 430; FI. Br. Ind., I, 250. 

Punjab — Bis, shalakat, kathi. 

An erect shrub, i. 2-2.4 m. high, found often 
growing gregariously in sandy river beds and banks, 
in the inner dry ranges of temperate and alpine 
Himalayas from Punjab to Sikkim at altitudes of 
1,500-4,200 in. Leaves linear-lanceolate ; flowers pink, 
in spike-like racemes. 

The branches are used as fodder for sheep and 
goats. I’he wood is hard and white and affords a 
good fuel ((hunble, 48). 

MYRIOPHYLLUM I.inn. [Hahragaccac^ 

FI. Br. Ind., H, 432 : Blatter, If, PI. 62, Fig. 4. 

A small genus of at|uatic herbs found throughout 
the world. Five species occur in India. 

Af. spkalimi Linn, is a glabrous, nearly sub- 
merged herb with only the flower-spikes appearing 
above the surface found in western Himalayas from 
Ka.shmir to Kumaon up to 1,800 m. Leaves whorlcd, 
pinnately divided; segments simple, hair-like; 
flowers yellow, in terminal spikes. The plant is 
recommended for fever in China. The leaves contain 
inyriophyllin and colouring matter (Roi, 396 ; 
Wehmer, II, 865). 

MYRISTICA Boehmer (Myrisiicacc{w) 

A genus of trees distributed from India and S.E. 
Asia to North Australia and the Pacific Islands. 
About 5 species occur in India including A/, jragrans, 
the source of two valuahle spices. Nutmeg and 
Mace. 

A large number of species originally included 
under this genus have been assigned to Crymnacran- 
thcra, Horsfieldia and Kneina (ci.v.). In the present 
account only the species comprising the section 
Eumyristica arc dealt with. 



M. beddomei King syn. ^A/. lauri folia var. lanccu- 
laia Hook. f. 

FI. Br. Ind., V, 103; King, Ann. R. hot. Gdn 
Calcutta, 1891, 3 , 291, PI. 118. 

Mar. — Jayaphal ; Tam. — Kaljatliikai ; Kan, — 

Jajikai ; M\L.—Pattliapanu. 

A large evergreen tree, up to 27 m. in height and 
2.2 in. in girth, found in western ghats from Konkan 
southwards and in Anaimalai and Nilgiri hills up to 
an altitude of i,5ik) m. Ixavcs oblong or elliptic- 
lanceolate ; flowers in cymes, dioecious ; fruits sub- 
globose (c. 6 cm. diam.), borne singly or in pairs ; 
seeds globose with red, fleshy aril extending to the 
apex. 

The tree is considered useful for providing shade 
in citrdamom plantations. It has been tried as a 
|)ossible rootstock for the vegetative propagation of 
M. fragrans [Abraham, Indian Emg, N.S., 1957-58, 

* M. lauri folia Hook. f. & Thoms, is considered by most authors 
to be found only in Ceylon. 
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7(9), 14 ; ^Slln(^araraj & Varadarajaii, S, Indian lIorL, 
1956, 4, 85 1. 

The seed kernel (Jayaphal) 011 extraction with 
benzene yields 25V0 of a light yellow fat with the 
following characteristics: in.p. 40°; iod. val., 43; 
and unsapon. matter (containing resin acids), 1 % ; 
separation of the fat between 80% ethanol and 
petroleum ether (h. p. range 60 -70°) gave 3% 
alcohol-soluble resin. The refined fat contains 89% 
fatty acids corresponding to 93% triglycerides ; the 
component fatty acids consist of: palmitic, 2 ; 
stearic, 60 ; oleic, 35 : and linoleic, 3% : glyceride 
cuniposition — irisaturated, trace; di-satur.atcd mono- 
unsaturated, 88 ; monosaturated di-unsaturated, 10 ; 
and iri-unsaturaied, 2% mol. The fat tlilfers from 
other Myrisiica fats in containing stearic acid as the 
predominant saturated acid and not myristic acid 
(Kartha & Narayanan, /. sci. industr. Res., .958, 
17B, 283). 

The wood of A/, heddomei is reddish grey, com- 
pact, moderately hard and heavy (wt., 52-54 Ih./ 
cu. ft.) ; it is perishable. It is suitable for tea boxes, 
match boxes and s[)lints (falhot, II. 380 ; Gamble, 
556 ; Rama Rao, 340). 

M. fragrans Ilouii. Ni'imko Tree 

D.K.R, V. 311 : C.P., 791 : FI. Br. Ind., V, 102. 

Hi.vdi, Be\<;., Mar. & (kjj. — Jaiphal (fruit kernel), 
japatri, jotri, jayapatri (aril) : Tel., Ta.nt., Kan. ^ 
Mai.. — Jajikai, jadikai (fruit kernel), jadipattirif 
japatri (aril). 

A dioecious or occasionally monoecious evergreen, 
aromatic tree, usually 9 12 m. high, hut sometimes 
reaching a height of 20 m. or more. Bark greyish 
black, longitudinally fissured in old trees ; leaves 
elliptic or ohlong-lanccolate, coriaceous ; flowers in 
umbellate cymes, creamy yellow, fragrant ; fruits 
yellow, broadly pyriform or globose, 6-9, cm. 
long, glabrous, often drooping: pericarp fleshy, 
c. 1.25 cm. thick, splitting into 2 halves at maturity ; 
seed broadly ovoid, arillate. albuminous, with a 
shell-like purplish brown testa ; aril red, fleshy, 
laciniate. 

M. fragrans is a native of Moluccas, now culti- 
vated in many tropical countries of both hemis- 
pheres. Jn fndia, it is grown in Madras State 
(Nilgiris, Coiml)atore, Salem, Ramanathapuram, 
'1 irunelveli, Kanyakumari and Madurai districts); 
a few trees arc found in various localities in Kerala, 
Assam and other States. Preliminary trials have 
shown that Araku valley (Andhra Pradesh) and 



I.C.A.R., New Delhi 

FIG. 184. MYRISTICA FRAGRANS-FRUITING BRANCH AND FRUIT 
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Wynaad (Madras State) are well suited for its culti- 
vation. The total number of trees in India may not 
exceed 1,500: of these about 500 are found in Burliar 
in Nilgiri (list, and Gourtallam in Tirunclveli dist. 
(Guenther, V, • Burkill, II, 1524-27 ; Krishna- 

murthi, 17 1 ; Khan, Madras agric. }., i(;49, 36, 512 ; 
Information from the Director of Agriculture, 
Madras ; Mem. Dcp. Agric. Madras, No. 36, 1954, 

637)- 

M. fragrans retjuircs a hot and moist climate with 
a rainfall of i5o-3(X) cm. per annum. It grows best 
at low elevations in alluvium formed of deep friable 
loam with good drainage, well sheltered from high 
winds : it does not thrive above an altitude oi 750 m. 
(Nicholls & Iltflland, 271-72: Krishnamiirthi, 171 : 
Mem. Dcp. Agric. Madras, No. 36, 1(954, 637). 

The plant is propagated from seeds. Fresh seeds 
with shells, collected from mature fruits and dried 
for a day, are sown cither directly at the site or in 
nursery beds, sheltered from wind and strong sun. 
The viability of fresh seeds is 98% in shade and 
92% in the open, while that of sun-dried seeds stored 
for c. 2 months is only 7% in shade and almost nil 
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in the open. Seeds arc sown 30 cm. apart, c. 2.5 cm. 
below the soil in nursery beds and take i J/2-3 
months to germinate. The seedlings are transplanted 
when 60-90 cm. high to their permanent site in the 
field during wet weather. In Nilgiris, 6 month-old 
seedlings are potted and allowed to grow for a year 
before planting in the field. The spacing between 
trees varies from 6 to 7.5 m., depending upon the 
gradient and fertility of the soil : wider spacing is 
adopted in rich level lands. Young plants re(]uire 
shade ; this is provided by growing bananas in 
advance of planting ; CAirkidia sp, and Canarium 
commune may also he grown. Nutmeg may also he 
cultivated as a mixed crop in orchards and in coffee, 
tea, coconut, arecanut and rubber plantations. Post- 
planting operations consist mainly of weeding the 
field and removing epiphytic and parasitic plants, 
and providing a mulch of dry leaves. Practically no 
manuring is done in India \Mc 7 u. Dep. Afrric, 
Madras, No. 36, 1954, 63S : Krishnamiirthi, 171-72; 
Khan, Indian J. Ilort., 1945, 3 , 43 ; Nicholls & 
Holland, 272-73 : Abraham, Indian Fniff, NS,y 
>95^-.S9* 33l- 

The plants arc generally dioecious ; occasionally 
male trees after a number of years produce female 
flowers and eventually become female. In plantations 
raised from seeds there are usually more male than 
female trees and there is no means of determining 
the sex until the plants are 6-7 years old and begin 
to hear flowers. In order to ensure a suflicient 
number of female trees in the plantation, two seed- 
lings arc planted close together and the one which 
may subsequently prove to be the female is retained. 
In case there arc too many male trees in a planta- 
tion. they may be headed hack and grafted with 
scions from female trees. Grafting may be made on 
seedlings of species other than those of A/, fragrans : 
in S. India, trials have shown that A/, heddomei 
and M. malaharica arc useful as seedling stock 
(Biirkill. II, 1527 ; Krishnamiirthi. 171 : Nicholls & 
Holland, 274 ; Sundararaj & Varadarajan, S, Indian 
Hort.^ 195^, 4 , 85). 

Vegetative propagation by cuttings has been 
advocated not only to overcome the trouble and 
delay in selecting female trees, hut also for multi- 
plying high yielding and disease-resistant types. 
Trials carried out in Grenada (West Indies) have 
shown that hardwood and semi-hardwood cuttings, 
30-38 cm. long X 0.6 cm. diam., planted in suitable 
rooting media after treatment with 0.05% indolyl 
butyric acid, give satisfactory rooting. Trials carried 


out at Rurliar on grafting, layering and raising of 
plants by cuttings have not yielded any positive 
results (Nichols & Pryde, Trop. Agriculture, Trin., 
1958, 35 , 1 19 ; Sundararaj & Varadarajan. lor. cit. ; 
Mem, Dep. Agrk. Madras, No. 36, 1954, 639). 

A fruit rot of half ripe fruits, caused by Diplndia 
natalensis Pole-Kvans has been recorded at Rurliar. 
Spraying with Bordeaux mixture and eradicating the 
sources of infection are recommended as control 
measures (Ramakrishnan & Damodaran, Indian 
Phytopath., 1954, 7 , 7). 

Harvesting & Yield — Under favourable condi- 
tions. the tree commences to bear fruit from the 
seventh year or earlier and the yield increases up to 
the fifteenth year or beyond. Trees continue to bear 
for many years and 70-80 years okl trees arc known 
to give good and sustained yields. At Rurliar, 
because of its higher elevation, the trees come to 
hearing about 12 years after planting. Fruits are 
borne more or less throughout the year but the main 
harvesting season is June-Octoher ; in some parts of 
Indonesia, 2 or 3 crops are harvested in a year. Only 
ripe fruits in which the pericarp has split are 
collected. They are picked up every morning from 
the ground or are gathered from trees by tlie use 
of a long stick to which a hook is attached. Seeds 
that drop out of split fruits are also gathered. The 
average annual yield j)er tree at Rurliar is 1,250 
fruits, although in certain years and from some trees 
as many as 4 ,(kx) fruits per tree have been obtained. 
Yields up to 2 o.(kk) fruits per tree per year have been 
reported in other countries | Nicholls & Holland. 
277 ; Mem, Dep. Agric. Madras, No. 36, 1954. 639 : 
U.S.D.. 1955, 873 : Cohley, 208 : Stanford, 479 ; 
Krishnamiirthi, 172 ; Abraham, Indian P'mg, N.S., 
1957-58, 7 ( 8 ), 28 ; Information from the l)irector 
of Agriculture. Madras]. 

Preparation of nutmeg erV mace — The harvested 
ripe fruit with the valves split, discloses the seed 
with a shell-like testa covered by a scarlet fibrous 
aril. After collection, the pericarp is removed and the 
seed separated from the aril and dried. Drying is 
complete when the kernel rattles in the shell. The 
shells arc cracked off with wooden hammers or by 
suitable mechanical means and the kernels removed 
and sorted. Dried kernels constitute the nutmeg of 
commerce. In Indonesia, the kernel is usually limed 
before drying ; liming prevents insect attack and 
improves the storage life of nutmeg. Mace is the 
dried fibrous aril covering the testa. It is obtained by 
separating the arils and drying in the .sun after 
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flattening between boards ; if tbc weallier is cloudy, 
drying is effected in sheds using artificial heat. Mace 
of superior (jualily is produced by drying in speci- 
ally constructed ovens. In some countries, salt water 
is sprinkled over the drying arils : this treatment is 
reported to improve tbc storage life of the mace. 
During drying the arils at first become dark red and 
brittle, and in about 6 weeks they take on a pleasing 
bright amber colour (Nicholls & Holland, 277: 
Krishnamurthi, 172 ; Mem, Dcp. /Igr/V. Madras, 
No. 36, 1954, 640: U.S.D., 1955, ^73’ Trease, 244, 
248 ; Grist, 266-67 : Burkill, II, 1528). 

The trade recognizes two principal types of the 
spices: East Indian nutmeg and mace from Indo- 
nesia, the chief producing areas being Moluccas, 
northern Celebes, Sangib Islands, and west and 
north Sumatra including the Island of Nias, and 
West Indian nutmeg and mace, obtained mainly 
from the Island of Grenada, lying north of Trinidad. 
Only very small (piantities are produced in Malaya. 
East Indian nutmeg and mace are of belter (jualily 
and arc highly valued in the Indian trade (Guenther, 
V, 60-63 ’ Bnrkill, II, 1526 27). 

Nutmeg — Commercial nutmeg is ovoid, 2.()-3.5 
cm. longx 1. 5-2.8 cm. diam., greyish hrewn in colour 
with minute reddish brown spots and lines, and 
reticulately furrowed. The cut surface has a waxy 
lustre aiul a mottled aj)pearance. It has a strong 
aromatic odour and a pungent aromatic taste. 
Nutmeg is official in I.P. (Wallis, 228 : I.P., 399 ; 


U.S.D.. 1955. 873). 

East Indian nutmeg is available in three grades: 
(/') Banda nutmeg, considered to he the finest for use 
and containing up to 8V',, essential oil : (n) Siaiiw 
nutmeg, almost as good as Banda, hut containing 
c. 6.5" , essential oil : and (in) Penang nutmeg, which 
is usually wormy and moldy and suitable only for 
disi illation purposes ; Papua nutmeg is derived not 
from A/, fragrans hut from the allied species 
M, argentea Warh. ; it is sometimes classed as the 
fourth grade of East Indian nutmeg and can he distin- 
guished from the true nutmeg by its comparatively 
long size, pectiliar shape, absence of external spots, 
poor aromatic odour and acrid taste. Bombay nutmeg 
is obtained from A/, malabarica ; it is long and narrow 
in shape and nearly destitute of aroma ; it is used 
as an adulterant of true nutmeg. Fictitious nutmeg 
is prepared from exhausted or damaged nutmeg ; 
the material is moulded into shape and sometimes 
used as an adulterant of true nutmeg (Guenther, V, 
60; Wallis, 229; Wren, 250). 


Composition — Analysis of nutmeg gave the follow- 
ing values: moisture, 14.3; protein, 7.5; ether extr., 
36.4; carbohydrates, 28.5; fibre, 11.6; and mineral 
matter, 1.7%: calcium, 0.12; and phosphorus, 
0.24%; iron, 4.6 mg./ 100 g. Nutmeg contains a 
volatile oil (6-16V0), starch (14.6-24.2%), pentosans 
(2.25%), furfural (1.5%) and pectin (o.5-o.6%). The 
principal constituents are a fixed oil, a volatile oil 
and starch. 'Phe flavour and therapeutic action arc 
due to the volatile oil. According to the specifica- 
tion of the Health Ministry, Government of India, 
nutmeg spice shall contain: total ash, ; non- 

volatile ether extr., <{^25% ; and crude fibre, ]J>io% : 
for medicinal use, it should contain not less than 
5?n volatile oil and not more than 3% ash (Illtli 
Bull., No. 23. 1951, 44 ; Thorpe, VIII, 628 ; Guenther, 
V, 72 : Wehmer, I, 345 ; I.P., 399-400). 

Oil of nutmeg — ^The percentage of volatile oil in 
nutmeg varies from 6 to 16%, according to the origin 
and quality of the spice. A sample from Travancore 
gave 10.2/0 volatile oil. Wormy nutmegs give a much 
higher yield than do sound ones : in the former, most 
of the fixed oil, present in the endosperm which 
tends to retain the volatile oil during distillation, 
would have been devoured by worms, while the 
strongly aromatic oil in the inner layer of perispenn 
remains intact. Commercial oil is derived from 
broken and wormy nutmegs. 'Phe material is com- 
niinuted, pressetl to remove fixed oil, and immediate- 
ly subjected to steam-distillation. Loss of vcdatile oil 
from ground nutmegs is relatively rapid (c. 80*^^’;', in 
2 months). Cohohation of distilled waters may he 
necessary for the recovery of the total oil ((iuenther, 
V, 71-72 : "Prease, 247- 48 : Nair et al., Proc. Indian 
Sci. Congr., 1949, pt III, 102). 

, Oil of nutmeg is a mobile, almost colourless or 
pale yellow licpiid with a characteristic odour. On 
ageing, it partly resinifies and becomes viscous. The 
physico-chemical properties of oils from dilTerent 
sources are summarized in Table 1. The aroma of 
East Indian oils is much more pronounced and more 
characteristic of the spice than that of West Indian 
oils. The latter liave lower specific gravity and re- 
fractive index and higher optical rotation. r/-Pincne 
and d-camphenc arc the major components ; toge- 
ther they constitute c. 80% of the oil. Other consti- 
tuents present are: /3-pinene, dipentene, /)-cymene, 
ri-linalool, i-tcrpincn-4-ol, r//-a-tcrpineol, geraniol, 
safrole, eugenol, tVoeugcnol, an aldehyde with citral 
odour, myristicin (3-mcthoxy-4 :5-methylenedioxy-I- 
allylbenzene), myristic acid and esters of myristic and 
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TABI.K I-PIIYSICO-CUFjMICAI, CHARACTFiRISTICS OF NIJTMFG OIIS FROM DIFFFRFNT SOURC FS 



East Indian' 

West Indian' 

Travaneore’* 

T.P.^ 

S|>. gr. 

O.HSO 0.913 
(at lyjiy) 

0.R59 0.S65 
(at 25^25^) 

0.8904 
(at .30’) 

0.882 0.910 
(at 25 ) 

u 

1.478 1.486 

(.H 20') 

1.4729 1.4746 
(at 20 ) 

1.4775 

1.470 1.486 
(:il 2.=i ) 

[■•1 

-1 7.9' to I .■:.^..U) 

-f-25.H' tn f.tH.5 


1 10 to -4 4; 

Arifl v;il. 



0.12 


Kster val. 

(al’UT actiylaiion) 

, , 


46.27 


S(»lijl)ility in 90% alcohol 

1 2.5 \ol. and more 

2 3 vol. and more 


3 \ol. 

Kvapmalion residue, 

0.3- 2.1 

0.2 0.8 


3.0 

' Guenther, V, 73 75 ; “ Nair 

et nl., Prnr. Indian Set. 

Coniir., 1949. pi HI. 102 ; 

■' I.P., 4.13 .14. 



Other fatty acids. Myristicin is toxic : wlicn ingested 
in large amounts, it is liable to cause fatly degenera- 
tion of the liver (Guenther, V, 72-73, 75, 77-79 : 
Ileiihron ^ Runlniry, TTI, 543). 

Nutmeg hultcr — Nutmeg contains 3^-43“'. of 
ether extractable material which, in additiem to 
glycerides, contains a volatile oil (6 13%). a small 
(|uantity of resin, and a substantial proportion of un- 
saponiliahle material. Commercial nutmeg butter, a 
highly aromatic fat, is obtained from undersi/ed, 
damaged or worm-eaten kernels which are unfit for 
sale as spice. The material is ground and cooked or 
steanietl before pressing. A yield of 24 30% is 
reported. 1"he fat may he obtained by solvent extrac- 
tion hut this process is not usually employed (Kckey, 
407 ; Jamieson, 95 ; Thorpe, VIIF, 259). 

Nutmeg butter is a soft solid (m.p. 38-51"), yellow 
or yellowish red in colour, with the odour and taste 
of nutmeg. The analytical characteristics of the 
commercial product vary a great deal according to 
the method of preparation and the proportion of 
volatile oil and resin present. The reconled ranges 
of values are as follows: sp. gr.*^\ 0.945 0.960 : > 

1.4662-1.4704 : iod. val., 33 65 : acid val., h^- 25 ; sap. 
vai., 154 190; and unsapon. matter (containing 
myristicin), 8- 18 Vo. The fatty acid composition of 
purified fat extracted from Indian nutmegs was as 
follows {% of total fatty acids): lauric, 0.4 : myristic, 
71.8 : palmitic, 14.3 : stearic, 1.2 : hexadecenoic, 4.8 : 
oleic, 5.2 : and linoleic, 1.5. The component 
glycerides were (in mol. Vo): fully saturated (irimyris- 
tin, 41.7 ; dimyristo-palmitin, 29.6), 71.3 ; disaturated 
rnono-iinsatu rated, 20.5 ; and mono-saturated di- 
unsaturated, 8.2 (U.S.l)., 1955, 874 : Fxkey, 407 ; 
Jamieson, 95 ; Pathak & Ojha, /. Sci, Fd Agric., 1957, 

«» 537)- 


Nutmeg starch resembles legume starches in 
appearance and individual grains show, under the 
microscope, a well-developed cracked hihim. The 
grains are irregular in shape and vary in si/e from 
5/t to 50/i. : compound grains with up to ten com])o- 
nents are common (riiorpe, VIII, 628). 

Mace Commercial mace consists of flattened 
lohed [)ieces, 2.5 cm. or more in length, somewhat less 
in breadth and c. i mm. thick. When soaketl in 
water the lobes swell up and regain their original 
form. It is dull yellowish red in colour, translucent 
and brittle. In odour and taste it resembles nutmeg, 
hut is .softer and more delicate. Three types of mace 
are recognized in trade: (/) Panda mace, considered 
to he the finest : it has a bright orange colour and 
fine aroma : (ii) Java Kstate m.ice is goldeii yellow, 
interspersed with brilliant crimson streaks ; like 
Panda mace, it is free from insect infestation : and 
(Hi) Siauw mace is of lighter colour than Panda mace 
and contains less volatile oil. Papua mace, often 
regarded as the fourth grade of ICasi Indian mace, is 
derived from M. argentea ; it contains comparatively 
little volatile oil and that too of an undesirable 
turpentine-like aroma : it is entirely unsuitahle for 
distillation purposes. West Indian mace is compara- 
tivelv inferior in i|ualily. Pomhay mace is derived 
from M. inalaharica : it is dark red in colour and 
consists of narrow pieces, divided into numerous 
lobes twisted together at the apex. It is almost devoid 
of aroma, and is useless as a spice ; it is often u.sed 
as an adulterant of Fast Indian mace (Wallis, 229 : 
Guenther, V, 61 ; Thorpe, VII, 343). 

Compo.«/i 07 ;~ Analysis of mace gave the follow- 
ing values: moisture, 15.9 : protein, 6.5: ether extr., 
24.4 : carbohydrates, 47.8 : fibre, 3 8 : and mineral 
matter, 1.6V0: calcium, 0.18 : and phosphorus, 0.1 oV{. ; 
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iron, 12.6 mg./ loo g. It contains a volatile oil (4-15% ; 
av. 10%). amylodextrin (25%), reducing sugars, 
pectin and a resinous colouring matter. The chief 
constituents are the volatile oil (Oil of Mace), to 
which the llavour is mainly due, and amylodextrin. 
The oil closely resembles nutmeg oil in odour, 
flavour ami composition and no distinction is made 
between them in trade. According to the specification 
of the Healtli Ministry, Government of India, mace 
spice shall contain: non-volatile ether exir., <t;2o 
and ^30%; crude fibre, J>io%; total ash, ^>3% ; 
and foreign organic matter and deteriorated mate- 
rial, {Hllh Bull., No. 23, 1951, 44 : Wehmer, T, 

346 : Guenther, V, 72). 

Mace yields a fat similar to that from nutmeg hut 
in a much smaller amount. A sample of Indian mace 
gave 26% of a red coloured fat (18-20% after 
removal of volatile oil) on extraction with carbon 
tetrachloride. It had the following characteristics: 
d ‘*”, 0.9884 ; 1.4850 : acid val., 3.4 ; sap. val., 108 ; 

iod. val., 153-57 : R.M. val., 7.2 : Poleiisske val., 

0. 72 ; acet. val., 65 -67 ; and unsapon. matter, 35%. 
The characteristics of the refined oil, after removal of 
volatile and resinous matter, were as follows: d‘’'*“, 
0.9769 : //*'*", 1.4835 : sap. val., 161-62 ; and iod. val., 
118-19 (Hill, 205: Pishavvikar & Pishawikar, Curr. 

1953* 22, 81). 

The amylodextrin is present in mace in the form 
of granules, visible under the microscope (si/e, 5“7/i). 
They arc compound and irregular in shape with a 
distinct hilum (Thorpe, VII, 433). 

Lc/tt’c.s -The leaves of M. jra^rans yield on water- 
distillation. 0.41-0.62% of a light brown volatile oil 
(sp. gr.""", 0.8642; Hy 1.474; tester val., 8.44) with a 
pleasing spicy odour. Steam distillation of dried 
leaves (from East Indies) gave 1.56'X, of a colourless 
volatile oil (.sp. gr.JI-* , 0.8772; 3.5°; w**', 

1.4742) containing a-pinene (80%) and myri.sticin 
(10%) (Khan & Krishnaswamy, Sa. & Cult., i953“-54, 
19 , 186 ; Guenther, V, 79). 

Burk The hark of the tree yields 0.14% of a vola- 
tile oil with the following characteristics; d®*’, 0.871 : 
|o]„, 12.2° ; sap. val., 14: ester val. after acetylation, 
37.5. A variety of kino is obtained from injuries 
made in the hark. A volatile oil is obtained also from 
flowers. The stem contains a tannin-mucilage com- 
plex (Gildemei.stcr & Hoffmann, II, 413; Wehmer, 

1, 346; Burkill, II, 1529; Chem. Abstr.y 1939. 33, 
7846), 

Fruit rozr/- Fresh pericarj) from ripe fruit contains 
an acidic, astringent juice with an aromalic flavour. 


Analysis of the fruit rind gave the following values : 
moisture, 86.8: protein, i.o: ether extr., 0.4; carbo- 
hydrates, 1 1.2; and mineral matter, 0.6%: calcium, 
0.04 ; and phosphorus, 0.01% ; iron, 2 mg. ; and caro- 
tene (as vitamin A), 8 i.u./ioo g. (Burkill, II, 1528, * 
15.10 ; Chandler, 288 ; Hlth Bull., No. 23, 1951, 44). 

Uses — Both nutmeg and mace arc used as condi- 
ment and in medicine : in eastern countries they are 
used more as a drug than as condiment. Nutmeg is 
stimulant, carminative, astringent and aphrodisiac ; 
it is used in tonics and electuaries and forms a consti- 
tuent of preparations prescribed for dysentery, 
stomach ache, flatulence, nausea, vomiting, malaria, 
rheumatism, sciatica aiul early stages of leprosy. 
Excessive do.ses have a narcotic effect : symptoms of 
delirium and epileptic convulsions appear after 1- 6 
hours. Mace is similarly used ; it is also chewed for 
masking foul breath (Burkill, 11, 1528-30 ; Kirt. & 
Ba.su, III, 2141 ; B.P.C., 1959, 502 ; Nayar, /. Bojuhuy 
uat. Hist. Soc.y 1954-55* 52, 515). 

Oil of nutmeg or mace is employed for flavouring 
food products and liejueurs. It is used for .scenting 
soaps, tobacco and dental creams, and also in per- 
fumery. The oil is oflicial in I.P. It is mildly counter- 
irritant and used in liniments and hair lotions. It has 
been recommended for the treatment of inflamma- 
tions of bladder and urinary tract ; the oil is some- 
what toxic owing to the presence of myristicin and 
should be used with caution (Guenther, V, 79 : 
Poucher, I, 302 ; Martindale, I, 631 ; Steinmei/, II, 
285 ; Allen, IV, 86). 

Nutmeg butter is used as a mild external stimu- 
lant in ointments, hair lotions and plasters, and 
forms a u.seful application in cases of rheumatism, 
paralysis and sprains. It is used in perfumes for im- 
parting a spicy odour and in the manufacture of 
.soaps and candles. Nutmeg butter is .sometimes 
siibstitutctl by fats from other Myrislica spp. 
(Thorpe, VIII, 259 : Pouclier, I, 302 ; Hill, 205). 

Alcoholic extracts of nutmeg show anti-bacterial 
activity against Micrococcus pyogenes var. aureus. 
A([ucou.s decoctions arc toxic to cockroaches. Myri.sti- 
cin present in the kernel may be etnployed as an 
additive to pyrethrum to enhance the toxicity of the 
latter to houseflies ; myristicin by itself is inactive. 
The volatile oil from the leaf has weedicidal proper- 
ties. It may also be used for scenting soaps, denti- 
frices. chewing gums and tobacco. It is not produced 
on a commercial .scale (George et al., /. sci. induslr. 
Res., 1947, 4^ ’ Jacobson, 18 1 : Khan 61 Kri.shna- 

swamy, loc. dt. ; Guenther, V, 79). 
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TABLG 2-IMPORTS OF NUTMEG AND MACE NUTMEG 
Nutmeg Macc 

t ^ ^ t \ 


Year 

Qty (toiih) 

Val. (Rs.) 

Qty (tons) 

Val. (Ks. 

1950 51 to 
1954-55 (av.) 

248.4 

10,19,28.1 



1956 (April - 
Deeembcr) 

209.5 

1 2,79,720 



I9.V 

95,9 

16,10,540 

21.5 

4,85,964 

1958 

56.5 

12,07,259 

6.9 

1,7.5,041 

1959 

66.2 

17,64,470 

14.4 

2.46,252 

*1960 61 

52.84 

1.5,45,724 

10.9 

85,828 


• INIctrif Ions 


The pericarp of the ripe fruit is locally used in 
pickles : it is used also in the preparation of jellies, 
ilalf-ripe fruits are candied in Malaya (Biirkill, 1 1, 
152S ; Chandler, 28S). 

Trade Niitineg trees are not grown to any large 
extent in India ; considerable ijuantity of nutmeg 
aiul macc arc imported from South-East Asian 
countries and consumed in India for culinary and 
medicinal purposes. Table 2 gives the quantity and 
value of imports in recent years. 

M. malabarica Lam. Falsi: Nufmec;, Bombay Maul 
'ruKi: 

D.E.P., V, 314; C.P., 791 ; FI. Br. Ind., V, 103 ; 
King, /I;/;/. R. hot. Gdn Calcutta, 1891, 3, 28S. PI. 109. 

Tkl. —A davijajikaya ; Tam.— ; Kan.— 
Kauagi ; Mal. Kattujattika, pounauipanu, 

A moderate-sized tree found at low elevations in 
the evergreen forests of western ghats from Konkan 
southwards. Bark greenish black, smooth ; leaves 
or elliptic-lanceolate, coriaceous : llowers in 
umbellate cymes, dioecious ; fruits elongate oblong, 
(5 -6.3 cm. X 2.5-3. 2 *‘'*^^*) ^K'nsely rufous-tomeniose , 
seed arillale, ovoid, slightly llaitened on the side ; 
testa shining, black, wrinkled: aril reddish yellow, 
irregulaiiy lobed, laciniate, extending to apex of 
see(l. 

Rijie fruits of A/, malabarica form the source of 
Bombay Nutmeg and Bombay Mace ii.sed as atiulicr- 
anis of the genuine products from A/, fragraus. They 
arc practically odourless and tasteless. Analysis ol 
kernel gave the following values: moisture, 6.9; tat 
and resin, 40.76 : protein, 6.5 ; carbohydrates, 42.18 ; 
fibre, 2.33; and ash, 1.33% ^ it contains 15-16V0 
neutral fat. The characteristics of the crude fat are 
as follows: m.p. 31-31.5° ; » * 4580- > *4593 » 



val., 189-191 ; iod. val., 50-54; and R.M. val., i.o- 
i.i. The components of the mixed fatly acids are: 
myristic, 39.2 ; palmitic, 13.3 ; other saturated, 2.4 ; 
oleic, 44.1 ; and linoleic, 1.0%. Analysis of a purified 
sample of fat (from Cochin) gave the following 
values: iod. val., 22; Hehner val., 94.75; and 
unsapon. matter, 2'/, ; the fatty acid components 
were: myristic. 69: palmitic, 10; and oleic. 2iVn' 
The glyceride composition of the fat was as follows : 
tri-saturated, 57 ; di-saturaled mono-unsaturated, 33 ; 
mono-saturated di-unsaturated, 8 ; and iri-unsaturai- 
ed. 2V0 mol. (Hooper, Agric. Ledger, 1907, 17 : Eckey, 
408, 412 ; Kartha, /. sci. iudustr. Res., 1954, 13A, 72). 

The major part of tlie resinous matter pre.sent in 
the seed kernel is phenolic in nature and may be 
emjdoyed as an antioxidant for the protection of oils 
and fats against rancidity. d"he resinous matter along 
with the fat is extracted by ethyl acetate (total 
extractives, 41 43'A>) and nearly half of the total 
extractive consists of active resin soluble in oil ; a 
portion of it has been obtained in crystalline form, 
m.p. 120-22^. The oil soluble resin imparts but little 
colour to Vanaspali, ghee or lard and affords effec- 
tive [protection against rancidity in a concentration 
of 0.008%. Ckunparative tests h.ave sliown that the 
resin is at least as effective as Butylatcd Hydroxy 
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Toluene (BHT), one of the best edible fat anti- 
oxidants in use (Duggal & Kartha, Indian /. agric, 
Sci,, 1956, 26 , 391). 

Analysis of mace from A/, vialaharica gave the 
following values; moisture, 4.07 ; fat and resin, 
63.26; protein, 7.31; carbohydrates, 20.80; fibre, 
3.06 ; and ash, 1.50 Vo. Fat and resin are the iiicijor 
constituents ; amylodextrin, glucose, starch, a vola- 
tile oil (0-0.67/',',) colouring matter are present. 
The fat is similar to that from the kernel. The resin 
possesses antioxidant properties ; only a small part 
of it is soluble in oil and weight for weight, the resin 
is less active than that from the kernel (Hooper, loc. 
cit. ; Wehmer, I, 344 ; Duggal & Kartha, loc. cit.). 

'rhe seeds of A/, malabarica arc used in external 
application for indolent ulcers. The crude fat (Piindi 
Oil) which separates out as a surface layer when 
crushed kernel is boiled with water, is used as an 
embrocation in rheumatism, sores and pain ; it is 
used also as an illuminanr. The hark yields a kino 
(Wehmer, 1 , 345). 

The wood is light (wt., 32-39 Ih./cu. ft.) reddish 
brown, moderately hard and not durable. It is locally 
used in building construction. It is used for tea boxes 
in Ceylon and considered suitable for light furniture, 
match boxes and splints (Krisbnamurti Naidu, 
90-91 ; Gamble, 555 ; Rama Rao, 339). 

A/, inagnifica Bedd. (Tam.- f 7 ///rr/ pann ; Kan. - 
Ramanadikc ; Mal. — Kotthalmnu, churapayin) is a 
(all, evergreen tree, up to 36 m. in height and 0.9 m. 
diam., growing gregariously in western ghats from 
Kanara southwards and in parts of Tirunelveli. The 
wood is light (wt., 30 Ib./cu. ft.) and may be used 
for match boxes and .splints. In South Kanara, the 
red arils from .seeds are employed for dyeing 
purposes. The seeds yield an oil u.sed lor burning 
and for making candles (Krisbnamurti Naidu, 90 ; 
Rama Rao, 339). 

Myristica spp. — see Gymnacranthera, Horsfieldia, 
Knema 

Myrobalan — sec Emblica, Terminalia 

MYROXYLON Linn. f. [Lcguminosac) 

A small genus of evergreen trees native of tropical 
America. 'I’wo species, A/, balsamum and M, 
pcreirac, which yield fragrant gum resins used in 
medicinal preparations and perfumery, have been 
introduced into India and grown in gardens for 
ornament. 


M. balsamum Harms syn. A/, iohnferum ll.B. & K. 
Tolu Balsam Tree 

Chittenden, III, 1342. 

A tall tree, 12-30 m. high, with a spreading crown.^ 
Leaves imparipinnatc : leaflets oblong ; flowers 
yellowish, in small axillary racemes. 

A/, balsamum, the .source of Tolu Balsam, is indi- 
genous to Venezuela, Colombia and Peru. It is grown 
in Lai Bagh Botanic Garden (Bangalore) and Kallar 
(Nilgiris) ; some areas in 8. India and eastern 
Himalayas at altitudes of 450-900 m. arc considered 
suitable for its cultivation. It may be grown as a 
shade tree for cultivated crops (Krumbiegel, 34 ; 
Krishnamurthi, 144 ; Nayar & Chopra, 38 ; 
Macmillan, 212). 

The balsam forms in trunk tissues as a result of 
injuries. Deep V-shaped incisions are made in the 
trunk with machetes and the balsam which exudes 
is collected in calabash cups inserted in excavations 
immediately below the cuts. The collected exudate 
is emptied into bags of raw hide and thence trans- 
ferred to cylindrical tins for export. Collection of the 
balsam continues all the year round, except for the 
period of heavy rains. Commercial preparations arc 
occasionally adulterated with rosin, but the usual 
sophistication is the natural balsam from which the 
aromatic substances have been abstracted (Guenther, 
V, 221 ; Youngken, 437-38; U.S.D., 1955, i 439 “ 4 <L 
Allen, IV, 325). 

Tolu balsam is a .soft, brown or yellowish brown 
.semi-solid ma.ss with a pleasant, aromatic and lasting 
odour remini.scent of vanilla and an aromatic taste. 
It b(x:omes hard and brittle on ageing. Warmed and 
pressed between pieces of glass and examined with 
a lens, it exhibits crystals of cinnamic acid. Tlie 
balsam has the following constants (on the basis of 
dry alcohol-soluble matter): acid val., 97-160; ester 
val., 47 95 ; sap. val., 170-224; balsamic acids, 
35-50/0 ; it is soluble in 90% alcohol, ether and 
chloroform. It contains a mixture of resinous sub- 
stances (75-80%), benzyl benzoate, benzyl cinnamate, 
a volatile oil and traces of vanillin. The resins consist 
of cinnamic and benzoic acid esters of a complex 
alcohol, tolu-resinotannol (CiJIisO.,). The volatile 
oil (Oil of Tolu Balsam) is obtained in a yield 
of 1. 5-7.0*% by steam-distillation of the balsam. 
It has a pleasant, lasting odour, somewhat 
suggestive of hyacinth. It contains benzyl ben- 
zoate, benzyl cinnamate, phcllandrenc (?) and 
farncsol (I.P., 75; Guenther, V, 221-23; Thorpe, 
1,6.7). 
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A volatile oil clisiillcd direttly from the wood 
contained /-cadinol as the major constituent together 
with f/-cadincnc, farnesol and traces of ncrolidol 
(Guenther, V, 224). 

Tolu balsam is ollicial in the Indian pharma- 
copoeia. It is antiseptic, stimulant and expectorant 
ami used as an ingredient of cough mixtures. It is 
also used as an inhalent in cases of obstinate catarrh. 
Official preparations of the balsam are Tolu Balsam 
Syrup and Tolu Balsam Tincture. Ethanol extracts 
of the balsam show anti-hacterial activity against 
Mycobacterium tuberculosis (U.S.D., 1955, 1440-41 ; 
Treasc, 391 ; Guenther, V. 224; Nickell, EcotL Bot., 
1959, 13, 281). 

The oil of Tolu balsam is used in perfumes, 
cosmetics and soaj)s. It blends well with certain 
floral and oriental types of compositions. The 
resinoid, obtained from the balsam by repeated 
extraction with alcohol has good fixative properties ; 
it imparts warm tonalities to perfume compounds 
((hienther, V, 224-25). 

The (luamities of Tolu balsam imported into India 
during 1957, 1958. 1959 and 1960-61 were respective- 
ly 136 cwt. (value, Rs. 184,582), 100 cwt. (value, 
* 33 « 734 )» *53 (value. Rs. 189,531) and 276 cwt. 
(value, Rs. 282,795). Tincture of "J'olu Balsam is also 
imported ; the (|iiantities imported during 1957, 
1958, 1959 and 1960-61 were resjiectively valued at 
Rs. 35,231, Rs. 5,084, Rs. 1,138 and Rs. 15,525. 

The wood of M. bahamum (s|). gr., 0.90-1.10; wt., 
56-58 Ih./cii. ft.) is hard, strong and fragrant ; it 
varies in colour from yellow orange to purplish rose. 
It is moderately durable, difficult to work, hut 
finishes to a smootli surface with liigh natural polish. 
It is used for decorative cabinet work (Record & 
Hess, 299: Howard, 431). 

M. pereirae Klot/sch Pkru Bai.sam Tree 

Chittenden, HI, 1342. 

A large spreading tree, 9-15 m. or more in height, 
indigenous to tropical America. Bark smooth, 
grey; leaves imparipinnate : leaflets oblong: flowers 
small, whitish, in axillary racemes : fruit a yellow- 
ish brown legume, narrowed towards the stalk end, 
one-seeded. 

A/, pereirae, the source of Peru Balsam, has been 
grown in the Lai Bagh Botanic Garden, Bangalore; 
a stray specimen is found growing in Calcutta. Its 
cultivation may he tried in S. India near about 
Bangalore (Krumhiegel, 18 : Benthall, 141 ; Nayar & 
Chopra, 38). 


Peru haisam is extracted from trees, 25 years and 
more in age. Commercial balsam is sometimes found 
adulterated with colophony or gurjiin haisam ; the 
more usual adulterant is the so-called artificial 
haisam of Peru based on hcn/yl benzoate ((kienther, 
V, 213 ; Allen, IV, 327, 329). 

Peru balsam is a viscous, dark brown, transparent 
licpiid which does not harden on exposure to air. 
It has a bitter, acrid taste and a pleasant lasting 
odour somewhat recalling that of vanilla. It contains 
25-30% resin and 60-6570 of a volatile oil to which 
its therapeutic virtues are due. 'Phe oil known in the 
trade as Oil of Peru Balsam or Cinnamein is 
obtained from the haisam by extraction with petro- 
leum ether or benzene. It is a reddish brown, slightly 
viscous li(|uid with a swx*et balsamic and lasting 
odour. It contains benzyl benzoate and benzyl 
cinnainate as the principal constituents ; r/-ncrolidol, 
farnesol, cinnamyl cinnamate and vanillin are 
present (Guenther, V, 215-18 ; U.S.D., 1955, 1023-24). 

Peru haisam is used externally in the form of an 
ointment or tincture as a parasiticide in scabies, 
ringworm, pediculosis, sluggish granulations, ulcerat- 
ed surfaces, bed .sores and chilblains. It is used as an 
anii.septic and stimulating dre.ssing for w'ounds and 
indolent ulcers. Occasionally it causes dermatitis, it 
can he used internallv, in the form of an emulsion, 
as a stimulating expectorant. The haisam enters into 
the preparation of certain rectal suppositories used 
for symptomatic relief of haemorrhoids and other 
anal conditions. Ethanol extracts of the balsam show' 
anti-hacterial activity against Mycobacterium tuber- 
culosis. Peru balsam is used in veterinary practice as 
a dressing for wounds (U.S.l)., 1955, 1024 ; Young- 
ken, 437 : B.P.C.. 1959, 546 ; Erease, 393 : Nickell, 
Kcou. Bot., 1959, 13, 281 : Merck Index, 114). 

The haisam anti the oil are used in perfumes, 
soaps and cosmetics. The haisam blends w'ell with 
perfume compositions and serves as a fixative impart- 
ing warmth to perfumes. It is used also as a suhsti- 
tule for vanilla (Guenther, V, 220 : Poucher, I, 332 ; 
Hill, 168-69). 

The (piantitics of Peru haisam im|)orted into India 
during 1957, 1958, 1959 and 1960-61 were respective- 
ly 6 cw't. (value Rs. 5,915). i cwt. (value, Rs. 1,281), 
2 cwt. (value, Rs. 2,557) and 8 cwt. (value, 

Rs- 7 - 554 )- 

The Wood of A 7 . pereirae, exhausted ol haisam, 
yields an essential oil which is rich in ncrolidol 
(68-707,,) ; the latter is valtied for imparting smooth 
tonalities to perfume compositions. Fruits and leaves 
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also coniain essential oil. The wood is used for furni- 
ture, interior trim and railway crossties (Naves, 
Pcrfimi. cssciit. Oil Rcc., 1948. 39 , 280 ; Guenther, V, 
219 ; Record Hess, 298). 

Myrrh — see Commiphora 

MYRSINE I inn. [Mxrsinaceae) 

A fairly large genus of shruhs aiul small trees 
distributed in Asia and Africa. Five species occur in 
India. 

M. africana Linn. 

D.F.R, V, 315; FI. Br. Ind., Ill, 511; Collett, 
304. I'ig. 94. 

Punjab — Bebrati^y kakhum, shauisliad •; Kashmir 
- Gugil ; Kumaon Ghani ; Gariiwai. Rikhdalmi. 

An erect shruh or small tree, 0.6-1. 2 m. high, 
found in the outer Himalayas from Kashmir to 
Nepal and Khasi hills at altitudes of 3oo-2,7(x> ni. 
Leaves lanceolate or ohovate, sharply toothed ; 
flowers minute, white, in axillary clusters ; fruit 
small, globose, Hcsliy, dark purple, containing a single 
seed. 

A/, (ijrieana is considered suitable for hedges ; it 
is readily propagated by seeds or cuttings. The fruit 
of the plant is edible. It has anthelmintic properties 
and is particularly elfective for the expulsion of tape 
worms : it is used as a substitute for emhelia (from 
Embelia ribes). The active principle is emhclin 
(2-undecyl-3 : 6-dihydroxy hen/o(iuinone, m.p. 142- 
43") which is present in the dried fruit to the extent of 
3',','.. Tlie fruit contains also ([uercitol (1%). Seeds also 
contain emhelin. The fruit is used as a laxative in 
dropsy and colic : an ointment prepared from it is 
considered elfective against ringworm and other skin 
affections. The plant yields a gum (Kirt. & Basil, If, 
1477 ; Chopra, 1958, 367. 679 ; Krishna 6 c Varnia, 
/. India n clieui. Soc., 1936, 13 , 1 15 : Indian For, BtdL, 

N. S., No. 102, 1941 : Thomson. R. H., 21-23). 

M. semiserrata Wall. 

D.E.P., V, 316; FI. Br. Ind., Ilf, 511. 

Punjab -Panvana, go/f.Nt/ ; Kumaon — Cliupra ; 
Gahuwxl— B ains, gaunta ; Nvawl -Plialame, 
jhingfii ; Leucha- 

A shruh or small tree, usually 0.9-1. 8 m. high 
occasionally up to 4.5 m., found in the outer Hima- 
layas between Beas and Bhutan, in North Bengal 
and in Khasi, Jaintia, Aka and Lushai hills at alti- 
tudes of 9(K)-2,7o(3 m. Leaves lanceolate, sharply 
toothed towards rip, rarely entire ; flowers pinkish, in 


dense axillary fascicles ; fruit glol)osc, Iduish or 
pinkish purple when ripe. 

M. semiserrata is regardeil as a medium fodder 
tree in U.P. The seeds of the plant contain emhelin 
(0.4V0), (jiiercitol (o.8V;',) and fatty matter (1.8%). The 
wood (wt., 51 Ih./cu.ft.) is haril, heavy, red or choco- 
late-coloured and handsome : it is apt to split. It is 
suitable for axe handles and carpentry (I^aurie, 
Indian For, Leafl,, No. 82, 1945, 10; Krishna & 
Varma, Indian For. Ball., N.S., No. 102, 1941 ; 
Gamble, 439 ; Rodger, 16). 

M. capitellala WixW.-- Rapanea capitellala (Wall.) 
Mez (Nia*Ai. — Plialamkatli ; Assam — Kavhidria ; 
Khasi Dieng-ching) is a shruh or small tree found 
in Nepal, Bhutan, North Bengal, Assam and Khasi, 
Jaintia and Aka hills. It is a very variable species and 
includes 2 or 3 varieties ; var. lanceolata C. B. (Clarke 
[--Rapanea uightiana Mez) is found also in the liills 
of S. India at altitudes above i,8(K) m. The fruit is 
edible. Seeds contain emhelin (1.6*;..). The wood of 
var. lanceolata is moderately hard and durable 
(Krishna & Varma, Indian For. Ball., N.S., No. 102, 
1941). 

Myrtan — see Eucalyptus 
Myrtle, Box — see Myrica 
Myrtle, Common — see Myrtus 
Myrtle, Crape — see Lagerstroemia 

MYRTUS T .inn. (hlyrlaeeae) 

A large genus of shruhs, rarely trees, distrihutetl 
in South America, South F.urope, West Asia and 
Australia. One species has been introduced into India 
and grown in gardens throughout the country. 

M. communis Linn. Common Myrtle 

D.F.P., V, 316 ; FI. Br. Ind., II, 462 ; Kirt. & Basu, 
PI. 417B. 

Hindi — Vilayali mehndi, mnrad ; Wv.xc. Sutra- 
sozva ; Mar. Malati ; G,v\. — Makali-na-patran. 

An evergreen shruh, i.o 3.0 m. or more in height, 
often grown for its attractive foliage, flowers and 
berries. Leaves opposite, ovate to lanceolate, 
aromatic : flowers white, f ragrant, axillary ; berries 
ellipsoid, blue black with hard, kidney-shaped, white 
seeds. 

M. communis includes a large number of cultivated 
types differing in the size and shape of leaves and in 
stature ; a variegated form is also known. It is easily 
propagated by seeds, cuttings or layerings. It flowers 
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in March-April and hears rriiits in the cold season 
(Bailey. 1947, TT, 2096: (Jopalaswainiengar, 2S1 : 
Firininger, 526). 

The aromatic leaves of the plant are highly esteem- 
ed as a favouring for culinary purposes. Leaves and 
flowers are used in garlands aiul hoiupiets and the 
volatile oil extracted from them is used in perfumery. 
Various parts of the plant are regarded as medicinal, 
[.eaves are astringent and reported to he useful in 
cerehral affections, especially epilepsy. j)ulmonary 
disorders, dyspepsia and diseases of stomach and 
liver. A decoction of leaves is used as a mouth wash 
in apthae : leaves arc also used for eczema, wounds 
and ulcers. Berries are carminative and given in 
diarrhoea, dysentery, haemorrhage, internal ulcera- 
tions and rheumatism. A(|ueous and ethanol extracts 
of roots, leaves and stem are active against Gram- 
positive and Gram-negative bacteria and A/yeo/v/c- 
terium tuberculosis. A therino-lahilc active principle, 
highly toxic to Micrococcus pyofrcucs var. aureus and 
resemhling streptomycin in its action on Mycohac- 
tcrium tuberculosis, has hcen reported | Krishna & 
Badhwar, J. sci. iiulustr. Res., 1950. 9A(3), suppl., 233 : 
(Jopalaswamiengar. 281 : Kirt. & Basu, ff, 1041 : 
Wren, 247 : Nadkarni, T, 838 : Nickell, Fa ou. Bot„ 
1959, 13 , 281 ; Horl. Abstr., i960, 30 , 123]. 

The leaves and flowers on steam-disiillaiion yield 
an essential oil, known as Myrtle Oil. 'I’hc yield and 
cpiality of oil depend upon the region of production, 
the season of harvest and the length of distillation. 
Fresh leaves aiul flowering tops, without wooily 
hranches, yield the hest oil. Myrtle oil is yellow or 
greenish yellow in colour with a characteristic re- 
freshing odour. The physico-chemical properties of 
the oil (from Corsica) are as follows: sp. gr.^'*", 
0.S83-0.887 ; 4-22^’ to 4-27". 1.464-1.470: 

acid val., up to 1.7 : ester val., 13 25 : ester val. after 
acetylation, 30-38 : sol. in i vol. of 90",, alcohol hut 
not sol. in 10 vol. of So'V, alcohol. The oil contains 
a-pinene, camphene (?). dipeiitene, cineole, inyrlenol 
(C,„IT,,. 0 . present mostly as acetic ester), geraniol. 


nerol and aldehydes (Krishna & Badhwar, loc. cit. : 
Guenther, IV. 363-69). 

Myrtle oil is used with advantage, in place of dried 
leaves, as a flavouring for culinary purposes. It is used 
for scenting soaps and toilet waters, especially Faux 
de Cologne, to which it imparts an agreeable spicy 
note. It is used as a disinfectant, antiseptic and ruhe- 
facient, and in affections of the respiratory tract and 
hladder : it is recommended as a local apj)lication in 
rheumatic ailed ions ((juenther. IV, 369 : Poucher. 1 . 
294 : Kin. tV Basu, II, 1041 ; Nadkarni. I, 838). 

The berries contain an essential oil, citric acid, 
malic acid, resin and tannin. They are used for- 
flavouring wines and foods. The seeds yield 12-15' .', 
of a fatty oil consisting of glycerides of oleic, linoleic, 
myristic and palmitic acids. The wood of A/, couimu- 
uis has an attractive mottled appearance : it may he 
used in turnery (Wehmer, 11 , 825 : Neal. 555 ; 
Krishna Badhwar, loc. cil.). 

MYXOPYRUM Bluinc (Oleaccae) 

A small genus of scandent shruhs distrihuied from 
India through Burma and Malaya up to New Guinea 
and Bismarck Archipelago. Two species occur in 
India. 

M. serratulum A. W. Hill syn. A/, smilaeijolium 
C. B. C'larke (FI. Br. Ind.) in part, non Blume 

FI. Br. Ind., HI. 618 : Hill, Kezv Bull., 1910, 41. 

Mal. Chatliuravalli, chatburamulla. 

A large scandent shrub found in western ghats in 
Wynaad and IVavancore at altitudes of 6(x>-(;o(^ m. 
Leaves ohovate-ellij)iic or elliptic, serrulate : flowers 
yellow, in axillary or terminal |)anicles : fruit ohovoid 
with one or two seeds. 

The leaves of the plant are powdered and taken 
with ghee as a remecly for asthma, cough, rheuma- 
tism, nervous complaints and consumption. Leaves 
ground anti boiled in oil arc applied in fever, 
lieadache, ear diseases and hack aches (Rama 
Rao, 249). 
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157 

D 




( 'ha m hisersa ti*;[ (( ia ro) 


373 

Chipli kaula (Nepal) 

204 





(’ha mhuj*a m ('I’a in .) 


370 

Chippi (Mai.) 

400 

Dahdahv (Nepal) 



.132 

CMiamcleons 


1.17, 1.18 

Chirati (Bnmbay) 

336 

Dadia (Hindi) 



117 

ClIAMOMlI.K, CvKRMAN 


308 

Chirthitta (Punjab A' Delhi) 

186 

Dampamtom-kuni^ (1 .epdia 

) 


.16 

Champa (Hindi & Bcng.) 

. , 

370 

( 7i irisa mtjialu ('I’d .) 

60 

Danda hhvkar (Carhwal) 



81 

('hampaca (Hindi & Bcng.) 


370 

('hirmvthi (Delhi) 

186 

Dan^-pof^ucl kuu}^ 




(aiAMPAK 


370 

Chiruthai ('Pam.) 

68 

(I .epdia) 




Champak (Trade) 


370 

Chiti (Hindi & IWng.) 

.105 

Ihniji^yimrik (1 .epeha) 



443 

Champakam (Mai.) 


370 

Chiti^ina soppu (Kan.) 

306 

Ihintranj^i (Bcng.) 



332 

C.hampakamu (Tel.) 


370 

Chittutaudrimara (Kan.) 

204 

Dare dhnmpn (Santal) 



66 

(’hampo ((hij.) 


370 

Chkvari (Nepal) 

332 

Darhharidra (Bcng.) 



423 

Chananf^i (Kan.) 


60 

Chohsi (Nepal) 

. . .174 

Dau.nfi. 



171 

Chanchur (Miindari) 


71 

('horn Jut (Oriya) 

370 

Darn jamiuri (Mundari) 



.347 

Chatida (Mar.) 


202 

Chompako (Oriya) 

370 

Darn kaini ha (Nfiindari) 



142 

Chaudakanne (Kan.) 


202 

Chorla ('Pam.) 

.102 

Darya-kaf (Hindi) 



40.1 

Chandausi (1 )clh i) 


312 

(Uiorpata (Bcng.) 

34 

y )a rya- ka - na ryal (Hindi) 



169 

Chatuliri (Bombay) 


2.10 

Chota halkusa (Hindi A 


/ )a rya nunariyal (C u j . ) 



169 

Chandmalia (Bcng.) 


114 

Bcng.) 

79 

Ihtsokrrotan (Oriya) 



333 

C.hattdra (Punjab) 


1.13 

Choulisy (Nepal) 

32.1 

Ihrunzimpui (Taishai) 



199 

Chandrakauta (’ le 1 .) 


392 

Chuha-atha (Assam) 

471 

1 )K.AI ).N F |-| 1 .F, Wl 1 1 IF 



26 

(’handramalli (Tel.) 


.V^2 

Chui-mui (Hindi) 

.182 

Dcla ara (Mundari) 



.1.1.1 

Chandramalli^e (Kan.) 


392 

C.hun^bi an^ouha (Manipur) 

451 

Deldnna (Hindi) 



79 

Chanditar (Mar.) 


#*202 

Chun^^i (Hyderabad) 

n 1 

lh‘o-khadia ( Pu n jab) 



.181 

Chanhcl (Hindi) 


74 

Chupra (Kumann) 

\ 482 

Dvokhumha (Mar.) 



79 

C!iiank 



Chural (Punjab) 

37 

Priadali (Mar.) 



181 

Ikx; 


400 

China panu ( Pam.) 

480 

Deiadalika (Sans.) 



181 

FlVK-FINf:KRi:i) 


398 

Churapayin (Mai.) 

480 

Ih'iadani^ari (Mar.) 



181 

Inoian 


404 

Churiana (Oriya) 

2.12 

Dvvanala (Sans. A Mar.) 



161 


Ill 



nciuuf^a puli ('I'el.) 

175 

Devil’s Claw 

307 

Dhak 

4 

Dhnr karrlu (Punjab) 

411 

Dharu (Hindi) 

47 

Dhauli (As.sam) 

Dhaul-kagshi 

22 

(Ddira Dun ^ KumaDii) 

.^01 

Dhftura (Hindi A’ Punjab) 

20, 22 

Dhaial (Mar.) 

161 

Dhol (Mar.) 

Dholsamiidra (Hindi & 

117 

lieng.) 

56 

Dhud phnd (Kajasthan) 

12 

Dhundal (Heng.) 

179 

Dliurpi sag (Hindi) 

79 

Dibamids 

I.S7 

Dihru (Beng.) 

332 

Dicug-brau-salu (Khasi) 

117 

I^it'iig-hyllict (Khasi) 

437 

Dicug-chiug (Khasi) 

482 

Dicug-jabu-rit (Khasi) 

117 

Dicug-jah-rasang (Khasi) 

323 

Dieng-ja-rasang (Khasi) 

325 

I^icug-jarasi (As.sam) 

207 

Dieng-ja-sitn (Khasi) 

217 

Divng-Udi (Khasi) 

Dicng-la- ngiardong 

15.S, 374 

(Khasi) 

205 

Dintgla samiaug (Khasi) 

200 

Divug-myllial-hip (Assam) 

304 

Dieng-ngai (As.sam) 

.149 

Dicng-fiong (Khasi) 

423 

Dieng-pakhar (Assam) 

117 

Dieng rai (Khasi) 

370, 372 

Dieug-rhi-balih (Khasi) 

286 

Dieng-rhi-basazv (Khasi) 

286 

Dieng-scroi (Khasi) 

423 

Dieng-shakuriao (Khasi) 

379 

Dieng sidug (Khasi) 

152 

Dirng-sngit (Khasi) 

332 

Dicng'soh-cit'iar (Khasi) 

217 

Dieug-soh-jaht-tyrkai (Khasi) . . 

217 

Dieng-sohda-paitA (Khasi) 

96 

Divug-sohlynthvhi (Khasi) 

379 

Du'iig-solt-iiiar (Khasi) 

374 

Dieug-soh-orthai (Khasi) 

117 

Dieng-soh-phyrtiudotig (Khasi) 

56 

Dwug-soh tungkhar (Khasi) 

438 

Dirng ta roi (Khasi) 

373 

lUrng tiu'-khmat (Khasi) 

379 

Dicug-tyrlhia-syuratig (Khasi) 

117 

l^igloli (Assam) 

I.S5 

Dhida (Mar.) 

56 

Diao (Mar.) 

.s6 

Dipmal (Mar.) 

66 

Dirgha patolika (.Sans.) 

179 

Doddasampagr (Kan.) 

37.1 

Dodi (Mar. A' Guj.) 

73 

Dngtila (Andamans) 

.100 

Dom-sal (Hindi) 

377 

Dougri (Bombay) 

.121 

Dori (Hindi) 

73 

lh)zcari (Nepal) 

176 

Drrk (Hindi & Punjab) 

323 

Drik (Kashmir) 

57 

Dri'.mstk'k Tree 

426 

Drt.KWEED, C’OMMON 

59 

Dudhi (Guj.) 

16 

Dudhi khansmi (Assam) 

15.5 

Dudhlak (Punjab) 

42 

Dudhya (Mar.) 

16 

Dukhtnnidndu ((iaro) 

348 

Dl’KlT 

30 

Dulagoudi ('Pel.) 

442 

Dulichamp (Beng.) 

224 

Diilphi (Bihar) 

80 


Dumdum ara (Mumlari) . . 421 

Dun^araukubo (Guj.) . . 80 

Dufii (Kuiiiaon) 81 

Durum-junum (Miiiidan) . . 382 


E 


Hast Indian Aukc)WU(m)T . . 303 

KiivniAN Privet . . 47 

EUmni (Mai.) .. 383 

Ki.kimiant Oiwiicii . . 443 

FJika-jemudu (Tcl.) . . 347 

Klikathu kcerai ('rain.) . . 347 

FAimarom (Mai.) 337 

FAumpurukki (4 am.) 153 

tAupa (’I'ani.) . . 208 

Kuu^adiilu^ntuli (Tcl.) 441,443 

Euujari^a (Kan.) . . 36 

Erattayam (iMal.) . . 56 

Erimakiripilai (Tam.) . . 417 

Errakuta ('I'd.) 77 

Erupc mdai^addi ('IVI.) 321 

Etka (Saiital) . • 442 

Ezhaltii kizhaugu ('i'aiii.) . . 286 


F 


Fan Pai.m 

Ass\m 156 

ArsTRAi.iA .. 156 

ClIINESK . . 156 

Java .. 156 

Findoru (Hiiicli) .. 98 

Flax 134 

Fen R 0’Gi.<k:k Plant .. 392 

Frac:rant Maim.e 144 

Fiichsitc .. 355 


G 

(iahhusik(i\u ( I'd.) . . 354 

iUu h-y^any^ma (A.ssain) . . 57 

(iuduffvt'l (Mar.) 118 

(iftda kvla . . 450 

(Vrtf/i (Gailnval) .. 217 

(Au^Ifi (Piinjali) 41 

(Aiisa (Oriya) .. 80 

('.fijhdar (Mar.) 117 

(iulu (Bciir.) . . 1 

(>alena . . 50 

(iaicui (Nepal) - . . 57 

('I'd.) . . 379 

(lamathi phudimt (Hindi) 342 

(ifiudamj^tindu (Kashmir & 

Punjab) 199 

(Itindha palas (Oriya) . . 377 

(rtind/iapfilsa (Oriya) . . 377 

('.amlhvla (Hindi) 446 

(rftmihera (Sans.) 158 

ilandla (Mar.) . . 446 

(Inn^anc (Ainlainans) . . 349 

(kwffcr (Punjab) 186 

(lanffcrua (Hindi) .. 411 

(Ifin^rma-chhcni^oppa (Ciaro) . . .S6 

(Mar.) 186 

(rduiii^a piudikura ( I'd.) . . 333 

(Utaztdum (Kashmir) . . 207 

(larinidi ara (Mundnri) 118 

Cara sir^iti (Nlundari) 177 

(kirhijaur (Hindi) .. 153 

Garden (!res.s .. 71 

(kirdumii (Kun.) . . 252 

(kith kimti (Kumann) . . 304 

iknudamukku (Td.) .. 307 


Garur (Beng.) 

153 

(iaruri (Kumauii) 

374 

Gastropods 

.197 

(lauj (Hindi) 

378 

Gaunta (Garhwal) 

482 

Gtiwan (Rajasthan) 

.16 

Geang (U.P.) 

173 • 

GE(;KaE.s 

1.57 

Bridled 

157 

Common 

157 

Hor.SE 

•1.57 

Pra.shad’s 

157 

Red 

1.57 

Gcdedula goudi ('Pel.) 

443 

German Chamomile 

308 

Gha (Oriya) 

305 

(iliauichu (llimli) 

114 

Ghanera (Mar.) 

.102 

Ghanvri (Mar.) 

31 

Ghani (Kutnaon) 

Gharci kashmalu (Hindi 

482 

& Punjab) 

26 

Ghiahcl (Delhi) 

349 

Ghimasak (Beng.) 

.190 

Ghisodu (Guj.) 

177 

Ghiya (Punjab) 

16 

Ghiya tori (Iliinli) 

179 

Ghodasala (Sans.) 

158 

Gh odegh u i ( Bom l)a y ) 

44 

Ghogi‘ champ (Nepal) 

223 

Ghoul 

4 

( • h ora Ml m (Bei ig.) 

32.1 

Ghosali (Mar.) 

179 

Gho-saup (Hindi \ Beng.) 

1.58 

Ghugri (Mar.) 

3.16 

(bHiioN, Common 

421 

Gidar rukh (Hindi) 

.177 

Gi 1.1.1 Flower 

309 

( '• ilmat- jukma (C^aro) 

34 

Giotra (Jaunsar) 

98 

Gii'.sywort 

199 

Gobcrgally (Kan.) 

.151 

Gobi (Kajasthan) 

27 

Godhi (Punjab) 

306 

Gogisag (Punjab) 

249 

Gogol champ (Nepal) 

Gogsa (Hindi & 

.171 

Punjab) 

. 217, 482 

(k}jal (Kan.) 

27 

Gok (Lepcha) 

223 

Gokdum (Lepcha) 

370 

Gokul (Assam) 

38.1 

Gol-kakara (Beng.) 

411 

Golkaudra (Hindi) 

411 

Golnm (Bombay) 

204 

Goma (Hindi) 

79, SI 

Goma ara (Muiulari) 

79 

(knnanaki ara (Mtindari) 

79 

Gometi (Bombay) 

.135 

Gomel ta (Bombay) 

33.5 

Goncha (Hindi) 

442 

Gondaguria (Oriya) 

202 

Gongai (Oriya) 

.123 

Gonj (Hindi) 

378 

Gonyuch (Lada k h) 

71 

Gooni (Kurnaon) 

419 

Gopha (Delhi) 

79 

Goranimb (Guj.) 

446 

Gorante (Kan.) 

47 

Gorauti (Td.) 

47 

GoriYi (Bombay) 

44 

Goria loti (Assam) 

348 

Gor padc (Mar.) 

1.58 

Gota 

Gourd 

65 

Bitter 

408 

Bottle 

16 


IV 



Calbasii 

16 

Kihbkii 

177 

KiDc:En 

177 

Sponge 

179 

(iaay-champ (Lepcha) 

374 

(iabbaji (Guj.) 

.192 

(iabhha (Delhi) 

79 

(ladde-hargi (Kan.) 

217 

(ludi (Punjab) 

311 

Gudikaima (Oriya) 

.194 

Gagil (Kashtnir) 

4H2 

Gagli (Punjab) 

442 

Gutabash (Hindi) 

.192 

Gal-abbas (Hindi) 

.192 

Gulhas (Mar.) 

.192 

Galdoda (Punjab) 

79 

Gal feringhi (Reng.) 

163 

Galt (Bombay) 

.121 

Gulikadam (Reng.) 

.194 

Gnl-i-nilam (Ka.shmir) 

311 

Gulkakra (Hindi) 

411 

Galkhair (Hindi) 

250 

Gulmava (Kan.) 

204 

Galpha (Kumaon) 

332 

Ch'M 


Oriental .Sweet 

14.1 

Keu 

14.1 

Sweet 

14.1 

Gama (Hindi) 

67. 80 

Gama ara (Mundari) 

80 

Gamar (Rihar) 

80 

Gamma (Delhi) 

HI 

Gandkarc (Kan.) 

.154 

Garbcii (Oriya) 

.1.54 

Galhibira (Tel.) 

179 

Gwa (Punjab) 

1.54 

Gwala kakri (Punjab) 

.1,16 

Gu'alam (Hindi) 

234 


H 


Him champa (Hindi) 

224 

Himu (Hindi A 


Dehra Dun) 

4.18 

Hingman-kang (Lepeha) 

.132 

Hipnerlf (Kan.) 

429 

Hippe (Kan.) 

20H 

Hirvkayi (Kan.) 

177 

Hiunsciv (Punjab) 

SI 

Hmabclbing (Lushai) 

437 

Hoanla (Assam) 

154 

HOAUllOt'Nn, HoKEIIOrM) 

.105 

Hoi (l.adakh) 

ll.l 

Holr-dasavala (Kaii.) 

24 

Hnlma (Punjab) 

57 

Honey.sit.kle 


Himalayan 

172 

Japane.se 

172 

WlMMWINE 

172 

Honiga (Kan.) 

68 

Hoot .OCR 

421 

Hoorn (Mar. A (hjj.) 

377 

1 lOH.SEMINT 

.141 

Horse Radish Tree 

426 

Hottale (Kan.) 

17.1 

Hi'bam Sweetci.over 

.128 

Huldi-kang (bepeha) 

42.1 

Haliniakai (Tam.) 

.132 

Huloo (Mar.) 

353 

Hamba (Mar. A Guj.) 

.177 

Humba (Punjab) 

472 

Hunimunna (Coorg) 

175 

Hurj (Hindi) 

71 

Haring demdem (Mundari) 

421 

Haring jiki pot a 


(Mundari) 

117 

Haring rangini 


(Mundari) 

177 

Haring scngrl sai 


(Mundari) 

80 

Haring apa (Oris.sa) 

329 

Harrea (Naga) 

68 

Hatcha beva (Kan.) 

321 


lladari (Kan.) 
fidf^al (Kan.) 

Haihru (Manipur) 
HaUiffumbaUt (Kan.) 
Halaxvni (Mar.) 

Haldi hasanta (Bnig.) 

Utde (Kan.) 

llidiin (Hindi, lWn>'.. Cnj. 

&. Piinjal)) 

Htdkasa (Bcng.) 

Hfdhusa (Hindi) 

Halonre (Nepal) 

Haranutda (Santal) 
Unrancharo (Giij.) 

Ilarchari (Kan.) 

Harcin (Punjab) 
liari (Sans.) 

Hariyage (Kan.) 

HarkankaU (Oriya) 
Hasagunigida (Kan.) 
Haathygida (Kan.) 

Hatha Jori (Hindi) 
Hathikana (U.P.) 
Uatikanopotro (Oriya) 
Ifatkan (Santal) 
ifcbbn'u (Kan.) 

Ifedare (Kan.) 
ffejurchei (Hindi ^ Heng.) 
Heluka (A.s.sam) 

Henbit 

Hendegel ha (Mundari) 
Ilengunia (A.ssani) 

Henna 

Hesike (Kan.) 
ffessare (Kan.) 


300 

408 

1.55 

1 


16 

353 

Iceland Mo.ss 

82, 8.1 

117 

Iceland spar 

99 

300 

Ice Pi. a. NT 

349 


Ikar (Rhotia) 

69 

71 

llanji ('lam.) 

.183 

SO 

Ilanni (Mai.) 

383 

80 

It. 1. 1 PE 

207 

27 

Illapri (Tam.) 

208 

57 

llajya (Mai.) 

208 

70 

Impai kt’lok (Mikir) 

7.1 

.136 

Imperi.'d .snail 

400 

154 

Indian Cork Tree 

.180 

140 

Indian IhPE 

422 

IIS 

Indian 'Fobacco 

1.59 

447 

Indian Wild 'Fiiyme 

375 

442 

Italiri (Tam.) 

381 

470 

Indramai (Oriya) 

27 

.107 

Indrayadha (Sans.) 

58 

.56 

halu (Tam.) 

3.54 

56 

Indurkani (Beng.) 

347 

56 

Ingsa maha (Mikir) 

.181 

325 

ippa (Tel.) 

208 

.102 

Iron Wcm^d Thee 

.1.16 

66 

Iral (Tam.) 

.149 

1.53 

Itika (Mundari) 

442 

26 

18, 161 



.332 

J 


47 

31 

Jadikai (Tel., Tam., Kan. 


.177 

A Mai.) 

474 


JadilHittiri ('IVI., Tam., Kan. 

& Mai.) 

Jaglo (Assam) 

Jagrikat (Ni-pal) 

Jagura (Heng.) 

Jahari- naval (Mar.) 

Jahrphali 

Jaifdial (Hindi, Hcng.. Mar. 
& Guj.) 

J aisanda (( )r i ya ) 

JajUiai (Ti-1., 'lam., Kan. 

A' Mai.) 

Jain (Guj.) 

Jala gal a (Tcl.) 

Jala-sarpini (Sans.) 

Jalasukti (Heng.) 

Jalauka (Sans.) 

Jallari 

JaUiim (Kashmir A: Punjab) 

Jala (Hindi) 

jamesonite 

Jangli dhan (Hindi) 

Jangli gohi (Rajasthan) 
Jangli malar (Hindi A 
Ring.) 

Janum dhompn (.S;intal) 

Jan am saru (Mundari) 
Japanese Ciiekky 
Japanese Ci.over 
Japatri (Hindi, Beng., Mar., 
Guj., Tel., 'I'am., Kan. A 
Mai.) 

farahap (Khasi) 

Jarool (Rcng.) 

Jand (llindi, Punjab A 
IVatlc) 

Ja-siel (Khasi) 

Javan (!VIar.) 

Jayapatri (Hindi, Reng., 

Mar. . A Guj.) 

Jayaphal (Mar.) 

Jcol (Reng.) 

Jcrikii ('I'd.) 

Jvrmi-jcndru (Khasi) 

Jharasa (Mar.) 
Ihinanpannikabo (Guj.) 
Jhinga (Reng.) 

Jhingan (Hindi A Trade) 
Jhinga tori (llindi) 

Jhingni (Nepal) 
fhinak (Reng.) 

Jhir (Rom bay) 

Jhirang (Mar.) 

Jhongaka (Sans.) 

Jia (Assam) 
liganry (Kan.) 

Jinjrti (Punjab) 

Jili (Hindi A Reng.) 

JitU’ (Kan.) 

Jinndali (Garhwal) 

Jiyal (Reng.) 

Job (Hindi) 

Jonk (Hindi A Reng.) 

Jorai (Assam) 

Jotri (Hindi, Reng., 

Mar. A Guj.) 

Jalpapra (Beng.) 

Jungi (Hindi) 

Jangli padina (Hindi) 

Jangli sclai (Hindi) 


K 

Kaat-jati (Tani.) 

Kaba 

Kabu.shi oil 


474 

201, 202 
204 
201 
169 
4 

474 

1.5.1 

47.1. 474 
57 
57 
^7 

40.1 
57 

4 

199 

57 

51 

59 

42 

41 

66 

.15 

445 

76 


474 

200 

24 

24 

217 

119 

474 

47.1 
27 
57 

44.1 
.197 

90 
177 

27 

177 

4H2 

40.1 
.129 
446 
177 

2 / 

57 

1 7.1 
.105 
164 
217 

27 

57 

57 

229 

474 

397 

.179 

.141 

91 


253 

4.50 

225 


62 


V 



Kdi/iitlrid (Assam) 

482 

Kdtfdi^d (Kan.) 

.491 

Kdiidli (’ram. Sans.) 

24, 452 

Kdildlkd ('ram.) 

400 

Kdiidlllirn^di ('I'am.) 

169 

Kdifdmh (Gii j.) 

394 

Kdtfdssd (Hindi) 

.494 

KdddZ'dnchi (Mar.) 

412 

Katftlu (Hindi) 

16 

Kdilhilinthtlo (Guj.) 

Kd-(tirnj^jini> (Assam iN: 

446 

Manipur) 

150 

Kddivi (Tel.) 

182 

Kdtfmrro (Nepal) 

151 

Kdi/ii hill sdijdbu liuffit (Kan.) 

59 

Kdiltuhnldkd (Mar.) 

179 

Kdiluhirr (Kan.) 

179 

Kdduhoi^rsnfifm (Kan.) 

161 

Kdihikdddlc^idd (Kan.) 

250 

Kddukdjdr (Guj.) 

325 

Kudu nidtiushxa (Coorg) 

175 

Kudu fid pa (Kan.) 

Kddit sdiina kdrisdjidi fittllit 

175 

(Kan.) 

74 

Katlutdidri (Kan.) 

441 

Kadiii^hisodi (Guj.) 

179 

Kdfnrkdpdt (Hindi A: Beng.) 

346 

Kdi^adalid ((hij.) 

441 

Kd/ield (Punjab) 

472 

Kdlii (Punjab) 

472 

Kdfiu (Hindi &: Beng.) 

12, 14 

Kdhzdhan (Kashmir) 

207 

Kdihu (Nepal) 

41 

Kdidarxdmn (Tel.) 

472 

Kdikkdthrtti (Mai.) 

337 

Kdini (Hindi) 

394 

Kdiniil (Hindi) 

27 

Kdinchn (Oriya) 

Kdiphdf (Hindi, Beng. & 

442 

Pun jab) 

472 

Kdippd (Mai.) 

408 

Kdippdi'dlli (.Mai.) 

408 

Kdit drzerit 

450 

Kdit drzesan (Kliasi) 

451 

Kdiydppnddi (Tam.) 

319 

Kdjen^ld (Manipur) 

68 

Kdjukop-rik (f.epclia) 

442 

Kdkaidny^ha (Hindi ^ Ih’iig.) 

.56 

Kdkdkdlin^hdlli (Mai.) 

354 

Kdkdld (Ba/aar) 

185 

Kdkdpnld (Mai.) 

421 

Kdkditrd (Punjab) 

411 

KdkdidlU (Mar.) 

443 

Kdkhuni (Punjab) 

482 

Kdhkr (Kan.) 

31 

Kdktti chrra (Assam) 

337 

Kdkiili (Sans.) 

185 

Kdkrid (fhij.) 

22 

Kdkrol (Beng.) 

4iF 

Kdk'id (Hindi) 

411 

Kakuri (Hintli) 

I.S4 

Kdld handdr (Hindi) 

418 

Kdld i hdkma (Beng.) 

l.SO 

Kdld champ (Nepal) 

370 

Kdld karpiir (Beng.) 

116 

Kdlamh (Mar.) 

394 

Kdlampdtti (Mai.) 

323 

Kdld'^d (Tel.) 

73 

Kdld^an ('lam.) 

27 

KdldZ'i (iMal.) 

.332 

Kdldzhd (Bihar) 

199 

Kale laid (Mai.) 

118 

Kdlj^divdlli (Tam.) 

443 

Kdl^iir (Mar.) 

302 

Kdli lard (Nepal) 

306 

Kdli pdhenic (Nepal) 

155 

Kali tori (Hindi) 

177 


Kdlldi'i cram.) 

332 

Kdllika Cl'am.) 

400 

Kdhni (Hindi) 

394 

Kdlii (Bombay) 

403 

Kdlttn-knuf^ (1 .epeha) 

217 

Kdlu-yrtte (Kan.) 

73 

Kanidld (Hindi & Beng.) 

229 

Kamai.a 'rKi;r. 

229 

Kdmhdtsamthid (Khasi) 

! ! 382 

Kamhli chrdi (’lam.) 

429 

Kdmild (Hindi) 

229 

Kdinini (Hindi & Beng.) 

!! 447 

Kdailimiii^rik (1 .ep<'ha) 

305 

Katidf^i (Kan.) 

479 

Kdud kdithd (.Mai.) 

377 

Kamdri (Mai.) 

336 

Kanapdlri (’lam.) 

301 

KdnchdUd (Oriya) 

370 

Kanchkuri (Mar.) 

442 

Kduda (Kumaon) 

311 

Ktindele (Kan.) 

161 

Kandeli (Punjab) 

311 

Kuug/i (Naga) 

419 

Kanifrem (l.iishai) 

197 

Kan^shior ([.epeha) 

200 

Kan^ti (Punjab) 

186 

Kaniti ('Pel.) 

77 

KdnjdZ'it CPam.) 

337 

Kanjird (Kumaon) 

374 

Kankar 

100 

Kdtina (Punjab Hills) 

332 

Kdnndvu (.>Ial.) 

336 

Kansari (Bihar) 

37 

Kdntd kdchoranin (Tel.) 

.[5 

Kantd kdchu (Beng.) 

35 

Kdntd saru (.Sanial) 

35 

Kdovhir (Nepal) 

442 

Kdoso (Nepal) 

443 

K.ipdddh (Andamans) 

90 

Kapdvild (Mai.) 

162 

Kdphdl (Kumaon) 

472 

Kdpi (Hindi A: Beng.) 

418 

KdpiU) ((hjj.) 

229 

Kdpiln^itndi (Oriya) 

229 

Kdpli (Tam.) 

229 

Kdppd (Mai.) 

*. ! 286 

Kdppativvd (Tel.) 

.348 

KdrdtUponf^dn (Tam.) 

73 

Kdfdkid (()riya) 

335 

Kdrdppdfi pnondit ('Pam.) 

70 

Kurds (Punjab) 

[7 

Kurrld (Hindi & Beng.) 

408 

Kareli (Hindi) 

408 

Kdrrpdku ('Pel.) 

. . 446, 447 

Kiirhinimh (Mar.) 

446 

Kiiri (Hindi) 

377 

Kariaphulli (Beng.) 

446 

Kdrihri'dn (Kan.) 

325 

Kariheru (Kan.) 

446 

Kdril (Punjab) 

37 

Kdri nidUffd (Kan.) 

418 

Karin }ikordnf>u (Mai.) 

418 

KdrinkinaUim (Mai.) 

421 

Karin- paid (Mai.) 

16 

Karin vrnihu (.Mai.) 

.323 

Kariphal (Ciuj.) 

472 

Kdrivempu (Tam.) 

446 

Karireppilei (Mai.) 

446 

Karkani (Mar.) 

. . 56 

Karkazva (Punjab) 

1.54 

Karkon (Punjab Hill.s) 

332 

Karle (^Iar.) 

408 

Karlikai (Kan.) 

411 

Kannhi arak (Santal) 

.348 

Karo-plidUff (Kachar) 

373 

Karpitr (Beng.) 

.. II.S, 116 

Karra pendahimn ('Pel.) 

286 


Kartoli (Mar.) .. 411 

Karttut (Punjab) . . 438 

KariuliishtnlHtti^^e ('IVl.) . . 30.^ 

Karunt (Pun jab) . . 438 

Karunhttran^ii n'ain.) .. 418 

Karin't’lyjnlei ('ram.) . . 446 

Knrvfit (Boml)ay) . . 37.S 

Kiinitori (Hindi) .. I7*> 

Kiisfiavtt (Mai.) . . 336, 337 

Kashivndtni^i^ (Lcpcha) .. I.>0 

Kitsi (Bong.) 443 

Knssar (Hindi) .. 37 

Kalakkantal (Mai.) .. 182 

Katfilft’und (Mai.) .. I6‘i 

Kilt her 4 

Katesam (Mai.) . . 38(1 

Kath (Nepal) .. 155 

Kiithalua (Assam) .. 155 

Kuthi (Pun jab) . . 473 

Kiitlinhn (fiindi) . . 446 

Kath-thengia (Assam) . . 57 

Kati-Ucra (C-oorg) .. 418- 

Kaljathikai (Tam.) . . 473 

Kftlnicnm (Hindi) .. 154 

Kitlshal (Pun jab) . . 234 

KatUtlutalavam (Mai.) . . 423 

Kuttujattika (Mai.) . . 479 

Kattunuincari (Tam.) .. 118 

KiitlulHiviil (Mai.) .. 412 

Kill tu fit' re hat (Mai.) .. 179 

Ktiitupnkalti (Mai.) .. 161 

Kaitufi/iu^aixUai (Tam.) .. 161 

KattiifHik:i\iI(i (Mai.) .. 161 

Kattii fiulltixr ( Tam.) .. 175 

Kiittu slunnhfijiiinn ( ram.) .. 37^ 

Kdltu-thifiptili (Mai.) .. 142 

Kdttutircdrd (\IaI.) .. 414 

Kditinrppilri (Tam.) . . 446 

Kdtiiknshdtdki (Sans.) .. 179 

Kdttki (Mar.) . . .401) 

Kduld (Punjab) .. 205 

Kdiimh (Hindi) 442 

Kditnld (A.ssam) . . 20.6 

Kmiri-kdnld (Assam) . . 38 1 

Kdi'dcfid (Mar.) 44? 

KdVdiii (Bnmbay iS: Madras) . . 403 

KdVdId ninth (Mar.) . . 384 

KdVdU'h (Cnj.) .. 442 

Kdi'tt (IVI.) .. 12 

Kdvnki ('IVI.) . . 380 

Kdzcdld (Nepal A: Hindi) .. 15.4, 205 

KdZi'dnrft (Punjab) . . 442 

Kdii'd nkthir (jaunsar) . . 57 

Kdzvid (Beng., Garbwal & 

Nepal) . . 204, 206 

Kdzvnfirl (l.ushai) .. 423 

KdXd (Tam.) . . 336 

KdXd ptidld (Mar.) .. 472 

KdXdfmti (Hindi) .. 3|9 

Kminji^ her (Nepal tV Kasiern 

Himalayas) .. .401 

Krifdii}^ (l.usbai) 472 

Krid (Hindi) . . 452 

Kengi (Br»mbay) .. 156 

Krnjii (Nilgiris) .. 156 

Kerd honUrra (Coorg) .. 417 

Krri (Hindi ik Nepal) . . 97 

Kcrkdl (Kan.) . . 68 

Kr sard mu ('Pel. ) . . 349 

Krsdri (Bihar Hi Nepal) . . 37, 225 

Kesri (Sans.) .. 140 

Kelknrd (Assam) .. 351 

Khdir . . 4, 5, 6 

Khdirpnsh (Punjab) .. 115 

Kfidtdzi (Kashmir) . . 2.^0 

Khdnutch (Beng.) . . 440 

Khdiuiai (Delhi) . . 327 


VI 



Khttfwrhuti (Konihay) 

m 

Kharamb (Punjab) 

204 

Ktiarchu (jaiiiisar) 

M)5 

Kharikct (Assam) 

MS 

Kharmn (Punjab Hills) 


Kiuitai (IVlhi) 

l«(> 

Khatara (Bombay) 

114 

Khedari (Mar.) 

77 

Khvsari (Miiuli, IWiij;. A: Assam 

.)7 

Khcsru (Hriya) 

.^7 

Khrt-lJdfHtra (Bcnj;.) 

Khnt (!\Iani|}ur) 

Khichar (Sauraslura A' 

Ml 

M\ 

Ladakh) 

IS6, 1S7 

Kbinif> (Kajasthan) 

7.^ 

Khinkttri (Kiimaon) 

3SI 

AC/zip ((iuj.) 

IS 

KbirakuH (Oriya) 

2VS 

Kbiri (Oriya) 

298 

Khirkhvjur (Bciig.) 

2‘>S 

Khirkhodi (Mar. & (bij.) 

7.^ 

Khirlachi kanta (Bihar) 

SH\ 

Khinn (Hindi it Oiij.) 

298, 300 

Khitsar (Ladakh) 

187 

K h a ri If a -so /v/ (Assam) 

,)73 

Khiihasi (Hindi it Bomi)ay) 

250 

Khuniti 

4 

Khiniju (Drhra Dun) 

75 

Khmcai ftliairs^ (Assam) 

L=i5 

Kikar 

4 

Kikkalli ( IVI.) 


Kinthu (Nc|>al) 

4.)7 

Kiiun (Hindi it Punjab) 

438 

Kifi (Punjab) 

73 

Kirtira (Punjab) 

411 

Kiri ( l am. it Mai.) 

417 

Kirishivtnii (Kan.) 

472 

Kirithi (Mai.) 

217 

Kiriift (Hindi) 

377 

Kisari (Punjab) 

37 

Kis.si (Oriya) 

378 

Kivaiich (Ouj.) 

442 

Khtacli (fbiuli) 

442 

Kolm ((bij.) 

81 

Kolmsi (Nc|)al) 

472 

Kodttyn (Kan.) 

118 

Kodi (Punjab Hills) 

173 

Kodiomdusn ('I'rl.) 

381 

Kod\(i (Kan.) 

.)02 

Kfdfkrdi (Visakhapainam) 

217 

Kol 

450 

Kfilai ln-nifin (.Mai.) 

421 

Kolarc chikdl (Mar.) 

III 

Kola (Kan.) 

.170 

Kfdavara ralli (Mai.) 

.U8 

Kolaiarialli (lam.). 

348 

Koii ('ram.) 

07 

Kolia lota (Assam) 

348 

Koliori (Assam) 

39f) 

Kolia main (lam.) 

204 

Kolti (Assam) 

390 

Kolufitifiaddi (Tt-I.) 

390 

Kombitrrki (Tam.) 

1 

Kommolakka (IVI.) 

1 

Komffoncsiloni^ (Assam 

118 

Ktm (Na^a) 

08 

Krmda (IVI.) 

.147 

K o ndaja Jtltara ( I t* 1 • ) 

202 

Kondamttchit (IVI.) 

418 

Kondatamara (IVI.) 

202 

Ko tida ta n^cdu t ii^r ( Tel .) 

378 

Kondavempali (IVI.) 

444 

Kofida yentava (Ti*l.) 

417 

Katij^a (Kan.) 

394 

Kofiji (Tam.) 

447 

Kootu ndnidama ( IVI .) 

.130 

Koova (Mal.) 

302 


Koral ((;ond.) 

417 

Koraa^a (Mai.) 

418 

Korii'i (IVI.) 

73 

Koroti (Oriya) 

323 

Koshajdiala (Stms.) 

181 

Koshataki (Sans.) 

177 

Kosliu (Punjab) 

341 

Kothal-sopa (Assam) 

373 

Kol hi (Tcl.) 

118 

Kotthapana (Mal.) 

480 

Koidkar (Liishai) 

57 

Kripa (Ben^j.) 

182 

Krishnakvli (Bcii);.) 

392 

Knach (Nepal) 

442 

Ktibi ((bij.) 

79 

Kabo ((bj j.) 

79 

Kachoi-kaitkasia-kaiit (Assam) 

381 

Kudari (Benj;.) 

335 

Kud I'hampa (Mar.) 

370 

Kaddam (Mar.) 

394 

Kahi (A.ssam it Manipur) 

LSO 

Kahili (Mar.) 

442 

Kakarai'cl (CbiJ.) 

181 

Kukarathcnfiia (Assam) 

56 

Kakar chita (Bt-ii)^.) 

1.^3 

Kal 

4 

Kala marsal (Miiixlari) 

471 

Kalya (Oriya) 

1.54 

Kamala (Punjab) 

57 

Kamali (Kumaon) 

57 

Kambha (Hindi) 

SO 

Kamkam 

294 

Kamli (Khandaia) 

118 

Kamlia-loi (Liishai) 

57 

Ktiiaaditti (Bombay) 

114 

Kanda (Punjab) 

311 

Katalc (Kan.) 

118 

Kaut^ (Bhoiia) 

70 

Kaa^^in (Mar.) 

97 

Kan}ittmam ('I'am.) 

229 

Kaahii-kaa}> (Lrpeha) 

22 

Kaitkama ('IVI.) 

229 

Kaakamadamara (Kan.) 

229 

Kaakamo (Oriya) 

229 

Kami (Mar.) 

447 

Kaa'i (Hinili) 

2.50 

Karak (Bonibav) 

1.55 

Karanuatakka (Mal.) 

229 

Karaai rhirpali (Madhva 

Pradesh) 

57 

Karanffa ('I’am.) 

418 

Karani^amaajaaaiti (Tam.) 

229 

Karati^c (Kan.) 

27 

Kariapat (Mar.) 

325 

Kurkar lilma (Hindi it Ben^.) 

50 

Karkas (Nepal) 

379 

Karkaii (Beiig.) 

90 

Karma (Bombay) 

204 

Karpa (Slar.) 

330 

Karpah (.Mar. it Kan.) 

73 

Karry patta (Hindi) 

440 

Kursi (Mundari) 

440 

Kara (Punjab) 

115 

Karad (Beng.) 

90 

Kura II (Simla) 

.105 

Karatii^r (Kan.) 

7 1 

Kasai'i (Tam.) 

332 

Kasha (Ladakh) 

234 

Kasaiit 

4, 6 

Kasaiiii 

Katira (Hindi) 

115, no 

Kara (Mar.) 

80 

Kavamara ('lam,) 

302 

Karchitta (Kan.) 

.102 

Kazhi koova 

303 

Kxiiiki (Nepal it Kasiern 
Himalayas) 

301 


L 


t.aba ba (Mundari) 


U>2 

L\( AM) Lai; I. \ skit 


1 

Lac'ertids 


157 

Laffa (Assam) 


251 

l.ajachio (Naj;a) 


217 

l^ajala (.Mar.) 


382 

Lajja (Kan.) 


382 

Lajjabali (Ben)*.) 


382 

iMfiar batujr (Beng.) 


175 

I.ajjozvati baiiar (lieiig.) 


1 75 

Lajkari (Oriya) 


382 

Lapcaiiti (Hindi) 


382 

l.ak (Ouj.) 


1 

Inkh (Hindi it Mar.) 


I, 37 

Lakhoadr (Kan.) 


330 

Laksha (Sans.) 


1 

Lf// champ (Nepal) 


223 

1 .al-'f^alcui (Nepal) 


57 

ImH (Nepal) 


204 

Lali-diiiiahophaii!^ (Assam) 


330 

l.ali kazcla (Nepal) 


205 

Ijiinchilia (Nepal) 


70 

Lamellibranehs 


398 

/ .a udi^e ya kassal ( Bo m ba y ) 


321 

/.i/i/g ((bij.) 


37 

Laas^-karaa (Khasi) 


57 

L\m;s VT 


’,0 

Lwoi'K 

418. 

420. 421 

t!\i*i*i:i) 


420 

OOMMON 


419 

(iol.OKN 


420 

Joiin’.s 


420 

Nil 1:1111 


420 

SaN'KOSII 


4.20 

1 .A NT AN A 


31 

iMpchc kaic'la (Nepal) 


200 

Lapchc pha! (Nepal) 


200 

Lapha (lleng.) 


251 

Ltipsc (As.sam) 


M)\ 

iMpsi (Nepal) 

Lvkcii 


325 

IflMAI.AYAN 


35 

SiKKI.M 


35 

1 .arahatalha (Assam) 


332 

Lasobava! ((bij.) 


77 

iMsau^haK (lliiiiii) 


313 

L\tama, (!ommi.kson*s 


50 

l.alri (Hindi) 


37 

Lau (Beng. it Assam) 


10 

Kaaki (Hindi) 


10 

LxrRhi., 'riiri; 


43 

Lavandin 


44 

Laraa^alata (Beng.) 


185 

Laraui^aphal (Beng.) 


185 

I.ai'asat (Mar.) 

L \vi;ni)i:r 


470 

(loM.MON 


45 

Kki-.ni'ii 


40 

SlMKK 


44 

Trim 


44, 45 

1 .areadara-ua- phala ((bij.) 


47 

lAtyai 


4.50 

I.KAI) Orivs 


50 

Lr.Aii Tumi; 


77 

Li-.mc IIM.S 


57 

Iscih rm'.seif ( 1 aisha i ) 


172 

l.t'kh ati}^cri (Nepal) 


200 

lA'kh dabdabr (Nepal) 


.532 

lA'kh gogu/i (Nepal) 


332 

L1.M0N Vkrbkna 


142 

Lcadc (Mar.) 


22 

IsCialia (Hindi it 'IVaile) 


22 

I .K.NTII. 


00 

Lkopakos 


08 

Lepidolite 


354, 355 


VII 


(52A 



Ixpidomi'laiK' 

. . 

554 

I .I.SI*r.I)K/.A 

Anm’ai. 


76 

OoMMOV 


76 

Koukvn 


77 

Pkkknmai, 


75 

LKiirci-; 

Asi'ARAcas 


12 

Hi I ri- r 


15 

CviiHAca. 


12 

c:»s 


12 

CY'ki.ki) 


12 

O vuni.\ 


12 

(^VTIIKKINC 


12 

Hiivi) 


!2 

l.l-.XK 


12 

PRU.KI.Y 

!. 12 

, 14 

Rom VINK 


12 

Si KM 


12 

(Piinjah) 


254 

Lhnprc (Nepal) 


155 

Liciik.ns 


81 

Lichi (Hindi A: Heng.) 


145 

lacNin: 


91 

lai.Ai, Pkksian 


525 

Lily 

AN\rN( 1 \TI<»\ 


98 

IvVS 1 KR 


98 

(aii.ni-.N-RWi.n 


99 

.M vnoN \ 


98 

'rU.KR 


98 

TRl'MIMa 


98 

'Ki rk’s (!\i* 


99 

Undid (Mar.) 


557 

Umhtnli (Kan.) 


557 

la.MKSTONK 


99 

(Y.MKNT CiliVDK 


112 

C'llKMICVI. (;rAI)K 


111 

DoKOMI'IK' 

99, 

105 

Ki.rx (*RAni: 


112 

Hiiai ClvKcir.M 

99, 

100 

Ma(;\ksia.\ 


99 

Limpets 


598 

Un^khdn^ (1 .iishai) 


554 

Linskki) 


119 

JilO.V 


140 

Lriciii 


145 

Hi:n\N\ 


146 

Hkdvnv Dk.iirv Di n 


146 

Hii vnwAui 


146 

(lllI.W 


146 

Dmirv Di n 


146 

Dkiirv Rf»si. 


1 In 

1 )| SI 


146 

Kvria Hvdaw 


146 

Larky Lari.k Rkii 


146 

(a'KVRI 


146 

K VKK VTIIA 


146 

Kashv 


146 

Lvik Hvdanv 


146 

Lvik Skkdi.i SS 


146 

Panjori. C1omm<»\ 


146 

Pi rki 


146 

Rosk 


146 

RdsK S( I.M I l» 


146 

Sl .KDI I- SS 


146 

Litliiopliilile 


148 

LniiirM 

148, 149, 

150 

Litmus 


82 

l.iiiir. Hi’r C'.i.ovir 


515 

lAu (Punjab) 


254 

l.r/.AKDS 


Ls7 

LvN-rniKiviKi) 


158 

Fat TAii.r.i) 


157 

J•'l.vlN(; 


LS8 

Sim NY- 1 Aii.KU 


158 

Walk 


L=;7 


Lnhdn (Assam) 

LS5 

IjH'undi (Kan.) 

337 

I^OCIST 

164 

Homiivy 

.. 164, 169 

Dkskhi- 

164 

Micratorv 

.. 164, 168 

Lokhdmii (Bombay) 

97 

Ijiponf^-hrik (Mikir) 

142 

Lnsdn (Assam) 

229 

Ldsodriniji^ 

450 

Losad drd (Miindari) 

116 

Ijisnd hd (Miindari) 

116 

Ll'( KRNK 

515 

Arabian 

514 

Common 

514 

Kanoaiiar 

514 

Mkkri T 

514 

Non 11 VROY 

514 

Pkrsian 

514 

yniTA 

514 

'I’l RKIS I AN 

514 

Varikckviki) 

314 

l.ucknittud (Hindi) 

255 

Ijtfdli (Hindi) 

255 

l.uni^khup ( Lusha i) 

595 

1 aiMNi: 


Bi.i'k 

.. 185, 184 

Will IK 

181 

^KKI.OVV 

.. 18.1, 185 

Idtsdn (Punjab) 

515 

Lyi iikk 

145 

Lyon Bkvn 

440 


M 


M \i.\gi K 

Asswiksk .. 419 

hi. Mil’s l*l(. TAIM II 419 

Bonm:i .. 419 

I JON-TAILLI) 419 

NiCOliXK C'U\H KVIINC 419 

Riiims .. 419 

Sii'Mi* r\ii.i:ii .. 419 

Macc 47J, 475, 477 

Machh-ptna (Assam) 217 

.\tfuhiliiK ('IVarlf) .. 204, 205 

Much nifich (Oriya) . . 5S0 

Mafiaj^asi ar i<ubhiT . . 507 

Maddi del. tV Kan.) 425 

Madi^i (Oriya) 20S 

Maeda lakari ((’»iij.) _ .. 153 

Mai^udani ( I'am.) . . 585 

.M \f;M-.siri-; .. 218 

Miilmnini (lU'iij;.) . . 525 

Mviiia 207 

Mnhua (llincli) 208 

Mfthudft ((iiij.) . . 208 

M(dnda (Ik’iij;. A: Oriya) .. 208 

Mahica (Ikiig. A' Mar.) . . 208 

Mahliduf^add ('Tam.) .. 154 

Maidu lahadi (Mar.) .. 155 

Mnida lahri (Hindi) 1.S5 

Mtiilfinchi (Mai.) . . 47 

Matiid (Ikiij^. & Punjal)) .. 512 

Maiiudiauta (Hindi & IkiiK-) . • 555 

Mainphal (Hindi A' Ikng.) .k^5 

Mahad (Mar.) .. 418 

Mak(d (Ni‘|)ai) .. 155 

Mtditdi nn-pulrau ((kij.) 482 

Makhnudi seni (Piinjal)) . . 440 

Makirla (Oriya) . . 555 

M(d{ri (PiJii jah) . . 164 

Maldhar Niin ll'und ('lYadc) . . 525 

Matdi vcffihu (Tam.) . . 525, 325 

Mdldm-kiri ( ram.) .. 418 


Mdldutlhclli (Tam.) 

.537 

Mdldtilhrlli (Klal.) 

441 

Mdldii ihumbd (Mai.) 

596 

Mdldtd (Nepal) 

202 

Mdldii (Mar.) 

482 

Mdlavcmhu (Mai.) 

525 

Mdikd nidsitr (Punjab) 

60, 62, 65 

Mdlkdir (Kiimaon) 

81 

Mdlldtd (Nejial) 

201 

Mdmidi ('Pel.) 

265 

Ma.mmky Aimm.k 

251 

Mdndkkdfdi (Tam.) 

554 

Afditdzcdk (Mai.) 

LS8 

Mandrakk 

251 

Mdn^d ('ram. A Kan.) 

.. 265,418 

Mdn^dUdri (Mai.) 

.. ll.S, 116 

M VNOANKSK 

255 

Manganite 

255 

Mdnjiiisd ('lei.) 

417 

Manoo 

265 

Alki’Mimr Bvnksiivn 

.. 268, 270 

Ai.imionso 

268, 270, 279 

Alimionso Biiivr 

270 

Ai.imionso IM njab 

270 

Amin Hkkrv 

270 

A mini 

270 

Amin Ibraiiimim r 

270 

Amin Kiuri) 

270 

Amin Saiivi 

270 

Ami.ki 

270 

Anim 'I’kiisii. (Printi) 

270 

Anoi'vn 

270 

Aim'as 

268 

Asiirvk i s Sam \r 

270 

AriiiMAnin'RVM 

270 

A/.i/. Pasanu 

270 

A/km -i’s-Samar 

270 

Badami 

268, 270, 279 

B.vikvi. Smiai 

270 

Bvnarsi LvNiaiA 

268 

Bvnksiivn 

268 

Bvncvkora 

.. 268, 270 

Bvncvnrvi I 1 

268, 270, 279 

Bvrv.masia 

270 

B.VTIII’A 

270 

BlIVni'RIYA 

270 

Biivrat Biioo 

270 

Biivwvni Ciiovvrvs 

270 

Bombvi 

. . 268. 270 

Bombvy Crkkn 

.. 268, 270 

Bombvy >'ki.i.o\v 

. . 268, 270 

Borsiiv Kakamsar 

270 

Brindviiani 

27(f 

Bronr kv Kki.vva 

270 

(Amrodi vna 

267 

CArabao 

267 

ClIANDR VK VR VN 

. . 267, 270 

ClI VPI VI 

268 

C6i VI'S V 

269 

C^IKRI'KRASAM 

270 

('llINN VRASAM 

270 

Coi.LKiaoR 

268 

CoVVASJI Pa IKK 

270 

Dadvmiyo 

270 

Oasiikikvri Amvn 

268 

DoMIAKAYAKrMANI 

270 

Dooniv 

270 

l)oiMI(M>K 

270 

Ol’SKlIRl 

268, 270, 279 

Lajri 

270 

F.vjri '/akrani 

. . 270, 279 

Kakirwaka 

270 

La'/.ki 

268 

La/i.i Mai. da 

. . 268, 270 

Ka/ki /I'MKO 

270 

Fkrnanimn 

270 

CollA Bl'NDKR 

269 


VIll 



COPAI, UlKX; 

270 

(Jraim: 

260 

(^ri.AH JwtAX 

270 

(vl'LAn Khas 

. . 26S, 270 

(fl'NDII 

. . 26H, 270 

1 Iamlkt 

270 

lIlMSAGAR 

270 

Hi 'SI INARA 

270 

Imam Pasand (I liinaviulrliii) 270 

Inayat Pasanh 

270 

Jaii.()r 

270 

Jamxdar 

270 

Janardiian Pasanh 

270 

[khangir (U UK Ira) 

270 

KAC'IINirilA 

270 

Kajri 

270 

Kai.kivvd 

270 

K AI.I.ARADY 

270 

Kamyah 

26S 

KANCIIAMrillA 

270 

Kam}|:i. 

270 

Kahi Ni-.i-.i.i’m 

270 

Kiiadkr 

26S 

KlIXfRI 

260 

Kiixngari Bv<-iix 

270 

Kiiakrog/a 

270 

Kiiasa IhRXIIIMIM'R 

270 

Kiixs-i'l-Kii XS 

270 

Kiiohhya 

270 

KlirUADAI) 

270 

Kii.i-mikki' 

.. 26S, 270 

Kiviaia aniim:tx (Pomliili 


piinasa) 

270 

Kisiiknhikm; 

270 

K.O. 7 '5 

. . 260, 274 

K.O. II 

260 

Kohhxri 

270 

Koill lOOK 

270 

Koi.xnkx Oova 

270 

Koiiiapai i.i Kohhxri 

270 

Langka 

26S, 27(», 270 

L x ISI NDRI 

260 

Mamu 

. . 26S, 270 

Mxi.da IlxN'Dir. 

270 

M XNKI R \l) 

270 

MaNORAN'I \NI 

270 

Ml I.GOX 

. . 26S, 270 

Mi’MJAI'IVX 

270 

MrRSIIIDXHXIl 

270 

N xorsxi.xi 

.. 260, 270 

N \/.l.l-.M PasAN!) 

270 

Na/i k Pasanij 

270 

Nia-.i I’M 

26S, 270. 270 

Nirai.i Aman 

26S 

Nisarhxsanm 

270 

()i.orR 

267, 260, 270 

PXDIRI 

.. 270, 270 

Pairi 

260, 270, 270 

PxNAKAl.r 

270 

Pam IIADARAK XI ASX 

270 

PaNJA PxsXNIi 

270 

Pr.nivxKAi.Ki'Aor 

270 

Pr.nnx Kasxm 

270 

Pk 1 r.K 

.. 260, 270 

Pii (I 

267 

Pri.iiioRA (Ca)loiir) 

270 

Pi 1 ir 

270 

Kaixim'ri 

. . 260, 270 

RaJI'MANI' 

270 

Kam:m Pasani) 

270 

Uasri'Nia 

270 

Kasim'ri 

260, 270, 270 

Katai'i. 

270 

Kkiimat Khas 

270 

Romani 

.. 260, 270 

Sakdar Pasani) 

.. 260, 270 

SXFKPA 

268 


SXFKIIA CXIAI’TTA 


270 

SxFi.hx Lri KM»xv 260, 

270, 

270 

SvMIiA MaI.IIIAHXI) 

270, 

270 

SXKKXRCIIINA 


270 

SxKKAu (irn.i 


270 

Sxi.KHIlOY AmIDI 


270 

SxLI-.M Rxngai.gra 


270 

S X M X R HI '.l 1 1 SI IT A 1 .1 H \c:i I 


270 

SxMAKHr.insnT C'.ikixvs x 

260, 

270 

.'’-XM XUHKIIISIU R XMIM U 


270 

Sanc;tra 


270 

SXRHAR 


270 

Ski I KOI. 1 


270 

SlIXDXVAI.A 


270 

SlIVII PxsXMl 


270 

SlIXMsri. ASAMXR 


270 

SlIKNDRIX X 


270 

SlIKWVA.NYA 


270 

SiNnin’RA 


270 

Sl’Kl’K 


270 

Sr N OKI 

260, 

270 

Si'RKIIA P.XNniTXVXI.X 


270 

Si RKii Ri'r.ma 


270 

SrVARNXRKKIIA 260. 

270, 

270 

SXVXKAI'ADI’ 


270 

rXIMl'RIA 


270 

'rOTXIM’RI 268, 

270, 

270 

Vank xj 

260. 

270 

Wangy A 


270 

ZaI ’R xn 


270 

/xRDXi.r 260, 

270, 

270 

Mxmcohx Ri hhkr 


207 

Mxnii.a Hk.mi* 


468 

MamldkUara (Mai.) 


400 

\ la uimaru tha ( 1 a 1 . ) 


24 

M.XNior 


286 

Mafiilu'rantii (Mai.) 


56 

Manjaiia (Mai.) 


220 

Matiiiftala ('IVl.) 


208 

Mafinanalti (Mai.) 


42.^ 

Manri (Assam) 


.0)6 

Mxi'I.k, Fragrant 


144 

Maractiini kizhaii^ti (Mai.) 


286 

.\fara}^tniasu (Kan.) 


286 

Marakata (.Miindari) 


.0)7 

Mara ntalli ('Tam.) 

Maran^ chatoina ara ha 


.^80 

(Miindaii) 


114 

Maranji^ ilih-a (Miindari) 


44.^ 

Marafffyasi ( Tam.) 


81 

Mararalli kizhani^n ('r.iiii.) 


2Si, 

Marazara tsjemhu (4\im.) 


16 

Marai'flti thali (Mai.) 


I.S5 

Maihlr 


00 

Manhi ara (Miindari) 


162 

Marchula (Hindi) 


447 

Manhulajati (Mar.) 


447 

Marilhnudi ('lam.) 


47 

Mxujokam, Sxxkki 


226 

Marhal (Hindi \ Pmu.) 


418 

.Marl 

00. 

100 

Marli (Assam) 


.0)4 

Marlia (Rcnj;.) 


.0)4 

Marru ('Tam.) 


226 

Marsinji^ha (hombay) 


07 

Marua hri (l)t*lira Dim) 


.0).S 

Marudani ('ram.) 


472 

Marni^a (Kan.) 


226 

Mat a la (Mai.) 


472 

Maruthani ('lani.) 


47 

Maruiamu (Mai.) 


226 

Mar tint ('Tam.) 


226 

Marvki. ok PKRr 


.0)2 

Masamalhi (Tam.) 


7.^ 

Masitta (Rrng.) 

Masst’r (llindi. Bong., Mar. 


NO 

& Ouj.) 


60 


Massicala (Kan.) 

3M 

Mawitr (Kan.) 

60 

Masar (Hindi, Bing., .Mar., 


(bij. Hk Punjab) 

60. 62 

Ma\nt-i hantia (Briig.) 

41 

Mastin' (Hindi, Brng., .Mar. 


A: Ciij.) 

60 

Masarmoha (Assam) 

60 

M a tab he (Assam) 

117 

Matijer ((bij.) 

66 

Malistil ((bij.) 

66 

Matka (Oriy.'i) 


Malffhy ((biro) 

l.0> 

Matlicciny;ai (Tam.) 

.1.S4 

Matlipal (Mai.) 

.0)8 

Man ('I'am.) 

26 s 

Maid (Bong.) 

208 

Maulsari (llindi) 

.18.'i 

Manna (Hindi) 

208 

Mavedi (fbij.) 

27 

Mal i ( IVI.) 

26.S 

Main (Kan. & M;il.) 

26.S 

Mayatiy^e ( IVI.) 

77 

Ma\ilam hi (Kan.) 

47 

Meda (Sans, llindi) 

7.L 154 

Mt’ila laliri (Punjab) 

l.S.'> 

Meda sak (Punj.ib) 

1 5 > 

Medh (Oudb) 

I.S’> 

Medi ((bij.) 

47 

.Mi.dk k 


Bl.Xl K 

.^12 

S|( KI.K 

.111 

Smxi.i, 

.11.1 

'rooTiii’.n 

412 

Medsittir (.Mar.) 

07 

Me/iedi (Bong.) 

47 

Me/nidi (Hindi & Piiiij.ib) 

47 

Miihsila (Pers.) 

n.i 

Meijeialni (Kbasi) 

44.1 

Mei-ni-hidi-likur (Assam) 

406 

Mei siaryntim (Kbasi) 

441 

Mejankeri (As.sam) 

152 

Mekiiri ^iiila (/\ssam) 

441 

.Mki.ii.oi 


COM.MON 

441 

S.MXII I'l OXVI RKIt 

420 

WlllTI. 

.128 

.Milun-slull 

400 

Mettda (Madhya Pradrsb) 

1.S4 

Meiidhi (Mar.) 

47 

Metidi (Bing. (bij.) 

47 

Mendika (.S;ins.) 

47 

Men ha (Kiimaon) 

07 

Mernm i^m hu ara (.Miindari) . . 

SO 

Mesua (Tr.idc) 

410 

Melha (Punjab, Delhi, T.P., 


Bihar & Bengal) 

120 

Methuri (Bombav) 

1.11 

Meluiif^a (Beng.) 

.14.1 

Mgoa Rubber 

.107 

Miami (Delhi) 

412 

.Mirx 

.154 

Bmiin: 

454, 455 

.Mrsiovni; 

.1.S4, 455 

PlII.OGOlMlI 

.154, 455 

Midatha (IVI.) 

164 

Midatha tiatidn ( IVI.) 

164 

Midi hi (K;in.) 

164 

Midhnsarai^am (Ouj.) 

426 

Mila^ai ftnnttdtt ('I'am.) 

162 

Mll.l.KT (bixss 

477 

Mll.l.llM'.DK.S 

480 

Mini ehamheli (Hindi (V’ Beiig.) 

.180 

Minkkai. .Springs 

.185 

Mindi (Miindari) 

47 

.Mi.vi 


Apim.k. 

444 


IX 



Black Mitcham 

342 

Mi'lberry 


Na feasant pi f'c (Kan.) 


349 

Corn 

338 

Akura 

432 

yVfigU“/cwgrt (Assam) 


472 

Fikld 

338 

Black 

438 

Naf'balli (Beng.) 


470 

(^AKHKN 

344 

Gosiiyoerami 

432 

Nat>beli (Nepal) 


197 

Japanese 

338 

Himalayan 

438 

Na^champa ((^uj. & Mar.) 


349 

Lamb 

344 

ICIIIIIEI 

432 

Nai^esar (Hindi it Beng.) 


252, 349 

Marsh 

337 

IciIINOSF. 

432 

Naf'csarpu ('Pam.) 


252 

Round Leaved 

344 

Kaeryo Ne/.i MI Gaeshi 

432 

Nagkesar (Hindi & Beng.) 


252, .349 

Water 

337 

Koksu 

432 

Nafikesara (Tel.) 


349 

White Mitcham 

342 

Konsen 

432 

Nahanidodi (Mar. it Guj.) 


73 

Misurpapfiu (Td.) 

60 

Roso 

432, 434 

Nahor (Assam) 


349 

Mitha nt*em (Hindi) 

446 

'I'oMIESO 

432 

Naicorna (Mai.) 


442 

Mithifra (l^iinjnb) 

173 

Tsukasakuva 

432 

Naikadamhu ('lam.) 


396 

Mithpatta (Pun jah) 

20 S 

White 

429 

Nakhaht (Bombay) 


403 

\f()ch€i (Hindi ii Bcnjj.) 

466 

Midi (Belief.) 

333 

Nakku karu p pan (' 1 am .) 


323 

Mochni (Hindi) 

171 

Mulhikare (Kan.) 

354 

Naktode (Mar.) 


164 

Moha (Oriva) 

208 

Mullein Pink 

186 

Nala (Hindi) 


161 

A/o/ihi (Hindi) 

27 

Mulloduhidli (Kan.) 

354 

Nala manushya (Kan.) 


175 

.\fnhuz (Kashmir) 

47 

M nlmuramiai (Tam.) 

216 

Nalava (Tam.) 


56 

A/o/itcrt (Hindi) 

208 

Muna^a (Tel.) 

426 

Nali (Guj.) 


161 

Mahivra (Mar.) 

208 

Mundi (Oriya & Tam.) 

394, 420 

Nalla dudui^a ('Pel.) 


.377 

A/of (Mar. & Oriya) 

27 

Muny^a arak (Santal) 

426 

Nalla panuku (IVl.) 


M)\ 

Mojii (Assam) 

204 

Mitn^atutri (Mai.) 

116 

Nalu}>u (Mai.) 


S6 

Mokha (Hindi) 

40S 

Mnnirasi (Kan.) 

417 

Nana (.Mar. it 'Pradc) 


20 

Mnkna (Pun jab) 

142 

Mun^ili (Kan.) 

417 

Nanca (Mai.) 


36 

Mol\sses (>kass 

331 

Mnn^nu (Hindi) 

426 

Nanf^a (Mai.) 


349 

MoLi.rsi:s 

397 

Munj^us (Mar.) 

417 

Nan^^al ('P;im.) 


349 

MoUakauta (Oriya) 

354 

Mnnnntikarnkfi ('Pel.) 

325 

Nan^mi (Mai. it Tam.) 


36. 349 

MolylKlcniti’ 

406 

Mur (Oriva) 

394 

Nan join relict (.Santal) 


199 

Molyrdenim 

406 

Murad (Hindi) 

482 

Nanka (Beng.) 


421 

Mon (Assam) 

354 

Mural (*Pam.) 

401 

Nanna (Punjab) 


249 

Mona/ite 

413 

Murinna (Mai.) 

426 

Nanrikadsont ha (Mundari) 


.148 

Monooosk 

417 

Murkila (Kumaon ik. Almora) 

30 S 

Nanuni (Andamans) 


27 

('RAB-EAI INC 

418 

Murkula (Kumaon Almora) 

.)05 

N a pint (I^eng.) 


2.S1 

Indian Brown 

417 

Miirru (Benj;.) 

226 

Nuramaniidi (Tel.) 


l.S.^, I.v4 

Indian Grey 

417 

Muriin^ai (Tam.) 

426 

Narasala (Hindi) 


161 

Ruddy 

417 

Murra (Hindi & Deccan) 

226 

Narasiiiffha (Assam) 


446 

Small Indian 

417 

Musakani (Hindi) 

347 

Narra ala^i ('Pci.) 


LS3 

Striped-neuked 

417 

Miisali (Sans.) 

1.S7 

Nandia ((Juj.) 


417 

Monitors 

157, 158 

Muscovite 

354. 355 

Nasukunni (Kan.) 


442 

Common Indi\n 

158 

Mushaippeyetti ('Pam.) 

153 

Nata III! i^ida (Kan.) 


31 

Desert 

1.S9 

Mushakarni (Sans.) 

347 

Natal hale (Kan.) 


468 

Monkeys 


Musk J*lant 

383 

Naticids 


398 

Bi.auk 

418 

Musri (Punjab) 

60. 62 

Nnttuccavundal ('Pam.) 


77 

Brown 

418 

Mussel 


Navalicha vel (^Iar.) 


.448 

Hamman 

419 

Bearded Weavinc 

400 

Nazcal (Bombay) 


.348 

Mooltfifra (Kan.) 

73 

Brown 

4o:) 

Nayantara (Beng.) 


163 

Morali (Rajasthan) 

186 

Freshwater 

401. 402 

Neanj^kupzliu (I .epeha) 


354 

Mnralia (Assam) 

201 

Gree.n 

400, 402 

Neel bandar (Beng.) 


418 

Morinfra (Mai.) 

426 

Musukette (Tam.) 

429 

Neem-chanieli (Hindi) 


380 

Morinii^c (Nepal) 

34 

Miisumusukkai (7*am.) 

336 

Nckota ('Pam.) 


73 

Mostaki (Punjab) 

171 

Musurdanta (Oriya) 

118 

Ncla-hippali '(Kan.) 


142 

Mota-hondara (Mar.) 

24 

Muthuva (Mai.) 

4o;) 

Nellu (Mai.) 


56 

A/o/fl da^ada phitl (Bombay) . . 

81 

Muttu (Madras) 

403 

Ncmi (Kan.) 


.400 

Motherwort 


Mu\na (Hindi it Benjj;.) 

353 

Nepal -hemp 


.401 

Common 

67 

Myrtle 


Neri arishippal ( Pam.) 


143 

.Siberian 

67 

Box 

472 

Neitle 



Mothi-kuhili (Mar.) 

441 

COM.MON 

• 482 

Devii. 


34 

A/o/i (Hindi & Bombay) 

403 

C'oMMoN Crape 

20 

Fever 


44 

Mousse dc C'henc 

S2 

Queen (!kape 

24 

NevL'ala (Hindi) 


417 

Mowra 

207 



Nf ' ai - chinf ^ (Assam) 


349 

Mowra Butter Tree 

208 



Nila j ban (Assam) 


.482 

Mozhnku pirkankni (Tam.) 

179 

N 


Nimi‘chambeli (Mar.) 


380 

Muchaippeyetti ('ram.) 

154 



Nirassa (Oriya) 


.336 

Muchri ara (Mundari) 

116 

Naaru razhai (Tam. it Mai.) 

468 

Nir kadanibe ('Pel.) 


394 

Mndi\(i kiinthal ('Pam.) 

347 

Nabe (Andamans) 

27 

Nirkadambu (Mai.) 


394 

Mudiif'o-tamara ('IVI.) 

306 

Nachike (Kan.) 

382 

Nirkancha ('Pel.) 


421 

Mnduii^u-davare (Kan.) 

382 

Nachinaar (Tam.) 

36 

Nir-taniara ('Pel.) 


421 

Mudnna (Hindi & Beii);,) 

353 

Nacid (Beng.) 

417 

Nir vain pidlu (Mai.) 


59 

Muf*(t (Assam) 

1.S4 

Na^a-aieri (Oriya) 

142 

Njcrin janpuli (Mai .) 


.435 

Mukktdpeeram (Mai.) 

336 

Na}>achambafram ('Pam.) 

349 

Noth liada (Or i y a) 


77 

M ukkutummiidu (Tel.) 

73 

Na}>achainpakafnu (lei.) 

349 

Noogudosa ('Pel.) 


336 

Mukta (Sans.) 

403 

(Tel.) 

447 

Nugge (Kan.) 


426 

Mnkute (Kan.) 

46 

Na^akesara (Sans, it Kan.) 

252, 349 

Nuklia (Beng.) 


421 

iMulaga fPel.) 

426 

Nai^apadhera (Kumaon) 

217 

Niil (Kashmir) 


417 

Mulasari (Tel.) 

35 

Na^^appu (Tam.) 

252 

Numro (Lepeha) 


203 

Mulberry (Trade) 

429 

Naf(arikesari (Guntur) 

77 

Nuntro kung (Lepeha) 


201 


X 



Nuna ('I'ani.) 

423 

Nunouunia (Oriya) 

57 

Nupsor-ktnif' (Lrpclia) 

Ni't 

117 

ArSTRAl.lAN 

201 

Macadamia 

201 

yili:KN.SI.ANI> 

201 

Nutmkc 

474 

Nittmkc:, Fai.sk 

479 

Nyckki (Tam.) 

56 

Nyul (Hindi) 

417 


o 


Oak Moss 

S2 

Oflopi 

401 

()di\a maram (Mai.) 

27 

Onu’ (Bihar) 

378 

Otif^akaniii (Tam.) 

155 

(hifiyalof} (Lcpcha) 

34 

Orchil 

82 

OSACK ORANf:K 

206 

Otr janiiin (Miiiidari) 

70 

Olf hiulu ha (Miindari) 

375 

OHanali (Tam.) 

56 

Ollalfilai'ti (lam.) 

34 

<)uliaihanjf> (Nepal) 

370 

Ounce 

68, 69 

Ovalli (Mar.) 

383 

O vs I KK 


Ba('K\v\ti;k 

. . 400. 402 

Bi.ACK-i.iPi'i n Pkaki. 

403 

Disc 

400 

Kimiilk 

. . 400, 403 

Rock 

400 

W'lNIMAVI^WK 

. . 402, 405 


p 


Vahila (Andamans) 


19 

Pada (Mar.) 


396 

Pndlu (Punjab) 


304 

Pitdmi (Mar.) 


323 

I*aflu (Kashmir) 


306 

Pairade (Kan.) 


.;8; 

Paharii^audatia (Hi nd i ) 

Pahitri faidhiti (Hindi, Ben^. 


305 

iV Mar.) 


344 

Paicli (Nepal) 


117 

Pakal ('ram.) 


408 

PaUiiar (Kashmir) 


172 

Pala ('Pel. Hi Mai.) 


298 

I‘alfi^untha ('Pel.) 


302 

f*alai (Pam.) 


298, 300 

Palaikkndi (Tam.) 


73 

Pala ni u nif)[taln (iN la 1 .) 


300 

J\ilas 


4, 5, 6 

Pala Sara in (Tel.) 


444 

Palalif^v ('Pel.) 


73 

Pale (Kan.) 


300 

Palit-kittiff (1 A*pcha) 


304 

Palla (Pam.) 


298 

t*aUif (Pam.) 

Pai.m 


157 

Ask\m Fan 


156 

Ai’strai.ian Fan 


156 

('liiNKSK Fan 


1.36 

Doi'bi.k Coconi r 


169 

Java Fan 


156 

Rki> L.\tvn 


36 

Sk\ C^>coNrT 


169 

Palmaui (Coorg) 


173 

Palnre (Mar.) 


323 

Palttpfidkai (Tam.) 


411 

Ptnuih hander (Darjeeling) 


419 


Pamhidi (Beng.) 

114 

Pandari (Mar.) 

447 

Pandry (Kan.) 

447 

Panikusum (Oriya) 

73 

Paninoi (Oriya) 

348 

Panirak (Hindi) 

249 

Paniru (Cuj.) 

70 

Pan jam 

4 

Panni lhali ('Pam.) 

1 55 

Pansaura 

\ 

Pan-sopa (Assam) 

. 286, 373 

Paul her 

68 

Pantom (lA‘)K'ha) 

57 

Pantikn (Tel.) 

396 

Paparaminta (Hindi) 

.W2 

Paragonile 

354 

Parathole (Mai.) 

470 

Pa rdesh i h h i ndo (Bond )a v ) 

228 

Parjamh (Khandala) 

118 

Parpadaf*ani ('Pam.) 

396 

Parpadakam (Tam.) 

W 

Parpadakapulln (Mai.) 

.197 

Parpatakamu ('Pel.) 

.V>6 

Parscru thiny^ (Assam) 

97 

Paruana (Pun jab) 

482 

Pata^ari (Bhutan) 

221 

Pataili (Kan.) 

300 

Palany^a (Sans.) 

164 

Pathardi (Ciij.) 

15 

Pathari (Bomliav) 

42 

Pathar-ka-phul (1 lindi) 

81 

Paihri (Kan.) 

470 

Palle sisnn (Nejial) 

35 

Palniftssu (Oriya) 

377 

Patoia (Hindi) 

1.34 

PaioU (Oriya) 

24 

Palpate (Nepal) 

. 224, .V12 

Palthapanii (Mai.) 

473 

Patthar (Punjab) 

228 

Patthar chatti (Ciij.) 

117 

Patthiri ('Pam.) 

479 

Patti (A.ssam) 

90 

Pattnda (’Pel.) 

323 

Pavakka ('Pam.) 

408 

Pavalak knri n ji ('Pam .) 

20 

Pk.\ 


(iK\SS 

37 

SWKKT 

37 

'Panoikr 

41 

Pearly Nautilus 

40.3 

Peddaehilka duduy^a (Pel.) 

377 

Pt ‘ddadu laf^o ndi ('Pel.) 

. 441, 443 

/ \'dda nid ra ka nni (Pel.) 

.382 

/ *edda payai^ i llakn (Pel.) 

. 57 

Peddatumni ('Pel.) 

79 

Peepal 

4 

Pcjri (Mar.) 

323 

Pendder (Bliutan) 

223 

Pendere (Lepcha) 

372 

Pknnyroyai. 


Kncm.sii 

344 

KI’KOI'KAN 

344 

PkIM'KRMINT 

342 

Peri (Mai.) 

349 

Periuvay (Pam.) 

.377 

Pkriwinki.k 


MAin(;A.sf:AK 

163 

Rko 

163 

Periyattalarifai (Tam.) 

441 

Persian Lii.ac 

323 

Peri: Bai.sam Tree 

481 

Perumhandali ('Pam.) 

1.35 

Perunthnmhai (Tam.) 

81 

Petalite 

.. 14.S, 149 

Pexpirkam ('Pam.) 

179 

Phaf^ran}^ (As.sam) 

304 

Phalame (Nepal) 

. . 482 


Phalamkath (Nepal) 

482 

Phandet (Lcpcha) 

.. 117,204 

Pharash (Hindi & Beng.) 

20 

Pharun-harne (Kha.si) 

56 

Philkn (Punjab) 

173 

Phli)gf)pifc 

. . 354, .355 

Phulor (IM>.) 

173 

Phnisi (Hindi) 

321 

Phul snpa (Assam) 

. . 286, 373 

Phiiman (Punjab) 

79 

Phitmher (Assam) 

207 

Phum-kan^ (1 .ep< h a ) 

206 

/VnirA’/jrtg.svi (Debra Dun A’ 


Kumaon) 

.301 

Phnsera (Hindi A Kuma(»n) 

217 

P/iusil ((iaro) 

1.39 

Phusre (Lepcha) 

374 

Phut (Punjab Hills) 

172 

Phutuka (Assam) 

32 3 

Piania (Oriya) 

202 

f*iazay (Bhutia) 

201) 

Pieheni^a (Mai.) 

177 

Piiinhattaie (Tam.) 

154 

Pilavaram ('Pam.) 

444 

!*illiaduj^i4 (Pel.) 

442 

Pindra (Oriva) 

423 

Pinle niohua (Andamans) 

300 

Pinnakkuppundii (Tam.) 

.3.3 3 

I*if> (Bhmia) 

41'» 

l*ippatipandu chetiu ( IVI.) 

429 

I*lri^arnndi (M u n da r i ) 

.397 

Piri lajauni ha (Miindari) 

37.3 

Pirkankai ('Pam.) 

177 

Pirlu (IM>.) 

173 

Pisara (Bombay) 

204 

Pishia (Bombay) 

20) 

Pisi (Mar.) 

153 

Pita f^ohun (Oriya) 

397 

Pilo ehamfm (Guj.) 

370 

Phida ihamfia (\Iar.) 

370 

Pl.WI \IN 

452 

Poehandia (Oriya) 

118 

Podina (Hindi, Beng.. Mar.. 


(iuj. & Tcl.) 

.. .3.38, .341 

Poduthalai (Tam.) 

142 

Posada (Tel.) 

38.3 

P<d (Hindi) 

.301 

Pimj (Kashmir) 

419 

Ponnamfhinn (Mai.) 

479 

l*onllasi (Mai.) 

47 

Pnoah (Hindi) 

.301 

PoonaikaUi ('Pam.) 

442 

Poonai ffidu kkan ('Pam .) 

442 

Poonam (Mai.) 

208 

Poospala (Mar.) 

446 

PoiMNAc, White 

77 

Porho 

4 

Porumhahi (Pam.) 

118 

Posha (Mar.) 

1.35 

Prasarini (Sans. Hi Mai.) 

347 

Pkivei* 


('iilNESE 

96 

Ki;Yi*n\N 

47 

Kl HOPEAN 

97 

(h.OSSY 

96 

Japanese 

97 

Proni^::atn (f.epcha) 

2t)7 

Proftyaka (l3hotia) 

420 

Prftl (Kashmir) 

304 

Psilomelane 

253 

Piialen^ (Liishai) 

226 

PcnniNi: (Jras.s 

344 

Pudina (Hindi, Beng., Mar., 


Guj., 'Pel. Hi Bomliav) 

.^38. .MI. .344 

Pudnakushma (Punjab) 

.341 

Pidatumni (Tel.) 

80 

Ptdikampa (Tel.) 

31 


XI 



Puli-fia^aw ('I'am.) 

307 

I*uli-tuihhfitn (Mnl.) 

307 

Pulivauji (lam.) 

335 

Pumunilliu ('lani.) 

24 

Putut^ttniii (’IVI.) 

118 

I*uni'(itichi‘tli ('ram.) 

97 

Puui^mar (repcha) 

70 

Piiniccc ('IVl.) 

IIS 

/*nnisi {'Fcl.) 

IIH 

Puiiii(ii( (Mar.) 

252 

Pitntm (Slal.) 

07 

Purlmny, (Lcpcha) 

156 

Piiriz (Kashmir) 

419 

Purnio (l.cpcha) 

217 

Piinmh’unjf (Lepcha) 

229 

Puthatamard (Mai.) 

202 

Pultdlii^r (IVl.) 

216 

i^iva licmp 

301 

J*i4\d (Hindi) 

301 

P\innid ('I’rade) 

24 

/\iunid .IntidindH (Trade) 

24 

Pvroliisite 

253 

P\ romorphile 

50 


Q 

(,)i Myhtii .. 24 

(Jnithi-hdln ((’ooi);) .. 4|j< 


R 


Pdf i hdtnfia (Ciij.) 

370 

/xViijm/l*/ (Sans.) 

47 

AV/!^ // H mala ( /\ssa m ) 

207 

PdiiliuU (Mar. <S: fliij.) 

73 

Pdinuitiiyti (Madliva 

Pradesh) 31 

Paiui (Mar.) 

29S 

Hd jdkitshd td k i ( Sa ns.) 

179 

Pd ivkds umliri ( () r i y a ) 

. . 77 

Pdktdlut (Sans.) 

57 

Pdkli^drhhfi (Sans.) 

47 

Pd main (Kmiiaori) 

202 

PdfddudtHkc (Kan.) 

480 

Pdinanii^i hula 

450 

Pdidhhd (Sans.) 

452 

Pdniclld (.Mar.) 

36 

Pdiui (.Mar.) 

36 

Pdtuitd (Mar.) 

36 

Pdmjdm (Keng.) 

217 

PdUdhhcti (IVl.) 

66 

Pdddtdha (.Mar.) 

154 

PddhhfUtli (Knmhav) 

228 

Pddi^ccui 

3 

Pddi I'nijn;/ (Nepal) 

332 

Pd n Id lid (Mar.) 

298 

Pdiinift/ii (.Madhva Pradesh 

tV hnmhav) 

. . 327, 329 

PdiHiirdi (Mar.) 

179 

Pdfnnuhd (Mar.) 

1.S4 

AV//>e\/io (Piinjal) Hills) 

173 

Pdstinidlld (,Mal.) 

143 

A‘r/s// (Hindi) 

417 

Pdthifmavvu (Tel.) 

81,88 

Pdliiidi^kt’sdr (( hi j.) 

252 

PdtnidiUi (Nepal) 

154 

Palnhya (Mar. A: (Iiij.) 

142 

Ptilldiijitl (Pun jail) 

163 

Pd Inn (Peng.) 

153 

Pdh'cliyii (Chij.) 

142 

PdXdii (Mar. faij.) 

298 

Pcdli (Oriya) 

380 

Pf ir nidhi (Pnn jah) 

I.S8 

Kkiniikkk .Muss 

87 

Pckorln (Oriya) 

378 

Pern Mi in (CM'irn) 

381 


Pciv^a (Kan.) 

.301 

Rfsiinic chdilii (Tel.) 

429 

Pczi'dii (Pnnjah) 

41 

Rezt'dri (Pnnjah) 

41 

Pidii (Punjab) 

L54 

Kihhed ark'shell 

400 

Ri( i:(;K.\s.s 

59 

Pikhddlmi (Garhwal) 

482 

Phonic (North Pengal) 

306 

Pohini (Hindi) 

229 

Pdf inn kiiiijii; (Lcpcha) 

204, 205 

Pok Si'll If (Gam) 

437 

Koscoclitc 

355 

Kosk C^\^lPIo^ 

186 

Koi'mi l.KVvi'.n Mint 

.344 

Hi HHKK 


( 

297 

(Jo\ 

307 

MAn.vr..\.sf:.\K 

m 

M.vmcohv 

297 

Mf;o\ 

307 

Pnkfi-ain (Pomhav) 

16 

Pninn (Assam) 

173 

Pull'll ff (As.sam) 

119 

Hyk.orass 


Itai.ivn 

170 

Pi;ri;nmai. 

170 

Pyoni (Lepdia) 

306 

s 


Sddr (Lcpcha) 

35 

Sdhtdk-tik (Lcpcha) 

176 

Sin link (Uhoiia) 

70 

Sacred cliank 

398, 402 

SiuJxhdfidr (Hindi) 

163 

Sdildfiknl (Mar.) 

163 

Sdildin Idchoinkar hd (Nfiindari) 

115 

Stifcd hdumcthi (Pcngal & 


Oris.sa) 

.327 

Sdft'd rhdinfi (Nepal) 

372 

Sdfrd Mil a (Pnnjah, H.P. A: 


Pombay) 

327 

Sdft'd Unt'dri (Hindi) 

72 

S;igo 

295, 35.1 

Sago (lalm 

.352, .1.33 

Sdh (i.('peha) 

35 

Sdhn (Lcpcha) 

419 

Sdtiii kdhoo (Lcpcha) 

420 

Sdijiid (Assam) 

426 

Sdildjd (Sans.) 

81 

Sddt'Xd (Sans.) 

81 

Sdiiijiid (Himii A' Pnn'jah) 

426 

Sdjiiid (Peng. Orissa) 

426 

Sdidhhd (Sans.) 

164 

Sdidd (Hindi & Peng.) 

12 

SdldUii (Tam.) 

12 

Sd-Idii(^-lt‘n (Khasi) 

.379 

Sdlont (Oriva) 

22 

Sdiii i>u fifiok (Garo) 

08 

Sdiniidkhdlok (Garo) 

217 

Sdinlidt (Nepal) 

1.S5 

SV/nipigc (Kan.) 

370 

Sdiii Ifidin laii}f (Garo) 

118 

Sd III lid rd jhdi^ (Hindi) 

403 

Sdinndrdfihcdd (.Sans.) 

403 

Sdinnndrdfni tenknyd (Tel.) 

169 

Siinddii 

4 

Sdiidaiid I'irdi (Tam.) 

29 

Sdiin^ktidfihuli (Sans.) 

162 

Sdtiffkhi (Sans.) 

162 

Sdiiffii (Tam.) 

403 

Sdiijdiiuillii'i' (Kan.) 

.392 

Sdtikdfifii (Pomhay) 

162 

Saiikh (Peng.) 

40.3 

Sunk ha (Sans.) 

40.3 


Sana pahndc (Nepal) 

. 117, 1.55 

Saoni (I’linj.ah) 

20 

Sapdl-kii II (1 xpeha) 

154 

Sapiissuiidu (Peng.) 

348 

Sdrdjfdt'o (Giij.) 

426 

Sura la (Sans.) 

157 

Sariii (Oriya) 

441 

Sarpamani (Peng.) 

.392 

Sarpiiocharo (Guj.) 

44 

Said pa la (Tel.) 

118 

Said puli (Peng.) 

177 

Sdicfink (Lcpcha) 

70 

Satsarila (Peng.) 

472 

SattaU' (Kan.) 

173 

San (Assam) 

.375 

Sdiiiiiht (Knmaon) 

81 

Sai'idikddi ('Fa m .) 

347 

SdZi'dt 'll ( K a 1 h i a wa r) 

140 

Scincids 

. 1.57, 158 

Scorpion shell 

.398 

Si'h (Hindi & Pi'ng) 

234 

Si'hu (Kan.) 

2.34 

Seed pearls 

403 

Si'i'lf sddfi (Nepal) 

286 

Sfkclid (Assam) 

217 

Snidsht'lkutifr (I.cpcha) 

. 117, 1.55 

ScnddU-kcra (C^)org) 

417 

Senji (Pnnjah. Delhi, U.P., 


Pillar & Pengal) 

329 

Sknsitivf. Plant 

.382 

.SV<i (Pnnjah) 

234 

Scrayd (Slal.) 

252 

Sericilc 

35.5 

Serna m (Lusha i) 

152 

Si'td (Nepal) 

204 

Sn' (Hindi Ik Peng.) 

234 

Sevn (Kan.) 

2.34 

Scii'dii (Pnnjah) 

36 

Slidhdrikd (Sans.) 

58 

Shdii-tii! (Knmaon) 

. 4.30, 437 

Shdjiia (Hindi) 

426 

Shdidkdl (Pnnjah) 

473 

Shdiiisfnid (Pnnjah) 

482 

Sfidp (As.sam) 

.^70 

Shdrifnndt'i ( Pnnjah) 

71 

Slidriiiiiidi hilti (Hindi) 

175 

Sht'ii (Pnnjah Kum.'mn) 

173 

Siiii.i., Mcii.ii siw 


PaNIHI) 

404 

Pri ION 

.398 

(!iiank 

404 

Kar 

. .398, 4(H 

Hki.mmi 

404 

1 lORN 

. .398. 405 

.MI'II.ON 

400 

Oi.ivi: 

400 

PrRiM.i: 

400 

Ha /.OR 

401 

Rihhfd ark 

400 

.SCORIMON 

398 

SlMNDl.i: 

404 

'Pop 

. .398, 403 

'PlRRAN 

. .398, 40.3 

Wkdc.k 

401 

WiNC 

398 

Shellac 

8, 11 

Shellac Wax 

8 

Sheiiibiii^a (Tam.) 

. 370, 373 

Shendri (Mar.) 

229 

Sht‘in:^ori (Garhnal) 

! .3(1.5 

She/ (Hindi) 

140 

Sheriiiiiida (Hindi) 

. 175 

Shelur (Gnj.) 

429 

Shelvad (Nlar.) 

79 

.SViei'gi (Mar.) 

426 

Shewa (Punjab & Knmaon) 

173 

Shezvar (Punjab) 

36 
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Shiith-kuHla (Hindi IWng.) 3HI 

ShUa-rasnm (Tcl.) .. 14 1 

Shimti (Mar.) . . 27 

Shiii}>Nli (Mar. & (Iiij.) . . 7.^ 

Shintik (I’unjah Kuniaon] .. 173 

Shimcan (Rajasthan) . . .Vi 

Shirola (Mar.) 177 

Shnbhanjana (Sans.) . . 426 

Shnrakkai (Tam.) 16 

Siah bandar (Hindi) .. 41 S 

Slab tat (Kiiinanti) . . 42^ 

SicKi.K Mi:ni(K 311 

Sida (Rcng. ik Assam) . . 22 

Sidi (Hindi) .. 22 

.S'ljqrn (Mai.) . . 426 

(Lc|Hha) .. 372 

St)^anif'rif> (Ixpc ha) . . 223 


Silaras (Arab., Hindi, Ih-iig., 
Mar., (Juj. & Kan.) 
Silhaha (Sans.) 

Silot-ban^ (I^cpcha) 

Siltimar (Nepal) 

Sii.vi:uwKi,i) 

Sima bar fyarania ( rd.) 

Sima I ala (Assam) 

Sima veppa (Mai.) 
Simlfratii^rip (I A’pe ha) 
Simcyatanclli (Kan.) 

Siminjf (Kashmir) 

Sin (Piinjah) 

Sinappa (Tam.) 

Sind arc (Nepal) 

Sindari ( Tel. A' Oriya) 
Sini^alitca (Clnnrg A Kan.) 
Sin^'j^an (I.epeha) 

Sinj^tm (Sans., Hindi A 
IWhk) 

Sipi (Hindi) 

Sisalias (Piinjah) 

Sissi (Nepal) 

Sitahara (Oriya) 

Sita savarain (Tel.) 

Silhii hod a ((«aro) 

Simian (Ka jasthan) 

Siyafi tat (Kumaon) 

Skinks 

CV)MMo\ 1 mm AN 
Smm.i. Fi.owi-.ki- II Mmiioi 
Sm\il Mi imck 
Snaii, 

AiMM.r. 

Imim- kiai. 

1 .\.M) 

St}anina (riinjah) 

Stum pm a (\1iindari) 

Sab inab (Khasi) 

Sabjna (Assam) 

Sob kbia p/ilant^ (Khasi) 

So/i pati irt (Khasi) 

Snb-ptii (Khnsi) 

Sfdi-pfi\‘rnou (Khasi) 

Sob - pb \rnoa - nar (K hasi ) 
Sob-stinr-am (Khasi) 

Soklati (Assam) 

Som (Assam) 

Sona ( bam pa (Mar.) 
Sona^i^arai'i (Mar.) 

Sonaric! (i\far.) 

Sonarapa (Assam) 

Soncbal (Punjab) 

Sontar ((^ P. A Bcrar) 
Sorckftyi (Kan.) 

Sorel cement 
Sorot-^acb (A.ssam) 

So rrakaya (Tel .) 

Sorni Iniman Maiii'A 
Spkahmint 


Spiiwlle .Shell 

404 

Spndiiinene 

148, 140 

SiMUNcs, Mim.kvi 

.485 

Scpiids 

401, 402 

Srikunj^ (lA’pcha) 

151 

Stalactites 

99, 100 

Stalagmites 

00, 100 

Sunk (;i<\ss 

331 

Stolpodit (Peng.) 

304 

SrnKAX 

J43 

Ami-.km \N 

143 

Asiaik 

143 

(1iiim.sk 

111 

1. MV A NT 

143 

Siviax 

143 

Sm b (Kashmir) 

140 

Sadakadn mallikai ( ram.) 

163 

S ui^ a ndb ktdtila ( ISa /.aa r) 

IS5, ISO 

Sub (Kashmir) 

68 

Sakari pota (.Miiiulari) 

177 

Snkntya (Pombav) 

20 

Saliali-kada (( )riya) 

118 

Sunamnrai (Nepal) 

.405 

Snn}^dt n-knni> (Lepi h;i) 

378 

Sant^arc katas (Nepal) 

151 

Sankn daldnii fialla (Kan.) 

396 

Santesbab (Khasi) 

382 

Sany(tk knni^ (I.epeha) 

154 

Sapin arn ront^ (Ass.im) 

155 

Sappatnyok (1 .epcha) 

1.5.4 

Sapra (Punjab) 

240 

Sapti (Deccan) 

414 

Sarai^i (Kan.) 

252 

Saram ('I'am.) 

400 

Snranj^i (Hindi, Peng., (hij. 


A Mar.) 

423 

S lira pad i (Tel.) 

56 

Suraponna ('I'el.) 

'252 

Sini (Deccan) 

414 

.S'/zm/g/ (Mar.) 

252 

Sarool (Nepal) 

206 

Sarpa chi moasi (Mar.) 

1 58 

Sasi-ptn ma (As.s.-iin) 

217 

Sasnisbak (Peng.) 

.406 

Salcii^al (Punjab) 

.408 

Satraso:i'a (Peng.) 

482 

SwKi.r Pvv 

43 

Su i i ;T( I nVK|{ 

327 

A.n.mm. Yii.i.oxs 

.420 

llriiXM 

328 

W'llMI. 

327 

Yi 1 1 (i\v 

.431 

SWI.KI M\i<|ok\m 

2 "6 

Syik (I.epiha) 

08 

T 


Tai^aiiii (’ram.) 

77 

Ta^tirmal (Hindi) 

III 

t'ai^asr (Kan.) 

423 

I'akaranninim (Mal.) 

77 

I'akkali (’ram.) 

187 

I'aknoi (Kiimann A 13. P. 


Hills) 

172 

'l'alain\om (I.epeha) 

I.S6 

‘iala-ncli (lam.) 

347 

ialaniti (Mal.) 

.447 

I'alarj^odi (Tam.) 

443 

t’alr lama (I.epeha) 

00 

Tahrynta (Oriya) 

300 

Taman (Mar.) 

24 

'I'amalar (Iliiuli A Peng.) 

187 

Tamba (Pnmbay) 

79 

Tampanai (Tam.) 

30.4 

Tan}ibavrcbtrkan}i (I .epcha] 

1.52 

Tanyrrik (I.epeha) 

44.4 

'Iaimoca 

286 


Tapria siris 

4 

Tarai (.\ssani) 

.4.4.4 

Tarali (Hindi) 

335 

Tasemayan;^ i bantam- 
(Assam) 

378 

Tala batcri (Kashmir) 

172 

Tavaksba (Kan.) 

.402 

Taikil (Mar.) 

.402 

'/’me /y//ne//g (Khasi) 

370 

Ininklo (Delhi) 

162 

Tchn^aebina (Hindi A 
liiiiK.) 

20 

Trlltimnnai^a ( I'el.) 

420 

Tclakondii betta ( IVl.) 

.407 

Tcmi sakbo (.Assam) 

151 

Tt'oia (As.sani) 

.47 

Ti'ibilsttk (l.e|Kba) 

152 

Triani^n (I’am.) 

175 

Tezak (Punjab) 

71 

Tbai^aii (lam.) 

.'432 

'Tbannr^ti (Assam) 

323 

Tbandara (I’el.) 

182 

1 biindidi\an (M.il.) 

210 

T Inn bam (As.sam) 

155 

Ibrhrloa ((lain) 

217 

1 Indnidam (Assam) 

330 

/ fn lkoda kk nkai ( I’a m . ) 

307 

Thcln-kodi (lain.) 

441 

Tbrz albtili (Kerala) 

30 

Tbiir^-doa (Assam) 

24 

’Tbini^lanir (1 .nshai) 

.495 

Tbin^ribak (1. nshai) 

197 

Tbirippan pallii ( I’am.) 

347 

Tbitsi (Irade) 

321 

’/ 'b i \ yado ad a ( ' I’l 1 . ) 

335 

Tblado (Assam) 

24 

Ibitik’pni (l.iisliai) 

.44 

Tboloopavai (’I'am.) 

411 

■/7/nr (Peng.) 

466 

Tboradcianala (Mar.) 

161 

Thar n’ndra (Khasi) 

4 13 

Tbottal cbinani^i ( I’.'im.) 

382 

'Tbnatbaa (Assam) 

221 

Tboictboii'a (Ass.am) 

.4.42 

Tbaiak (Santa 1) 

33.4 

Tbalo dabdabr (Nepal) 

27 

Tbumha (Mal.) 

79 

Thumhai ('I'am.) 

70 

I'bamhf i^ida (Kan.) 

70 

I'banba (.M.iI.) 

80 

Tharlnr^b (Kunawar) 

00 

7 ’ll nrda li ha ji (1 )en an) 

70 

/'////Ming/; (Kashmir) 

(lO 

Tiddi (ilindi A Punjab) 

104 

I’n.i H C'l \XN 

.4f)7 

Tik ( bana (Peng.) 

42 

Ttkbor (Hindi) 

302 

1 ikiokia (IWng.) 

.4.4.4 

I'i k tiikos ba Ink i (Sans.) 

170 

Tikliki (Peng.) 

157 

Tillakada (’I’el.) 

44 4 

Timi (Assam) 

.405 

Tinlannani (Mal.) 

382 

Tipparatbai ( I’am.) 

182 

Tisi (Hindi) 

119 

Tilasopa (.\ssam) 

.470. 

Y’l/e (bamp (Nepal) 

Titlia (Hindi) 

42 

Titodbandid (Peng.) 

170 

I’itotorai (Peng.) 

179 

Tiari (Hindi) 

37 

’Tlanj^liam (1. nshai) 

200 

’I'oliAC/ o 

Immxn 

1.59 

Wii.n 

161 

Todri Ida (Punjab) 

300 

Todri safvd (Punjab) 

309 


143 

143 

325 

.. 117, 1.^2 
77 

346 
286 
323 
176 
2.Vi 
146 

36 

20 

. . 229, 332 
229 

.. I7.=>, 418 

482 

140 

403 

79 

117 

380 

347 

348 
.36 

437 

.. 157, I.^S 

158 
320 

3n 

398, 402, 403 
400 

.. 403, 406 

426 
25 
335 
426 
335 
96 
472 
57 
56 
234 
471 
203 
370 
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lurid ((’.vij.) 

I'drihildd^i (Kan.) 

Idridds (lliiicli) 
liirnidz (IWng. l*imjal)) 
I'dt (Hindi, IVn|;., Mar., 
Punjab, Kashmir 
Kumaon) 

I'dli (I)fbra Dun) 
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/ 'ttdlhddidrri ('ram.) 

202 

Vimbd (Mai.) 

304 

ISO 



r/ut7i// (Mar.) 

307 

is: 



V' inlet elam 

401 

ISO 



Msikilddid (Pel.) 
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20 
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26 
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26 
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156 
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4.S2 
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466 
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16 
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20 
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34 S 
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37 

I5S 
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77 
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41 

77 
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W drilsira pilid (I'am.) 
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W'liiTK Dkamm-.i n 1. 


26 
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327 
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31 
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40.S 
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27 
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Yf.i.i.onv POIM.AR .. 
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/If (hoiiibay) .. d20 
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